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PREFACE. 


Tkk earlier numbers of Die SELEcmoKsVaou tbs Records of tss 
(JovF.KNMtNT, North Western Provinces; Laving beedmo out of print, 
and it being necessary to publish a new Edition; the opportunity baa 
been taken to re-arrange and classify pic articles according to their 
difTercnt subjects. 

Articles under tho following heads were included in the First 
volume:— 

1.—JUDICUL# 

H.—^1*' ISCAI^ 

III.—Statistical and Miscellaneous. 


The Second volume contains articles under Die heads— 

luBIGATlOK* 

II. —Dbidoes. 

III. —Roads. 

* ^ IV.— Miscellaneous Wobks. 

^ a 

The scries comprehends all the articles published up to tbc end 
of 1853. 






I'KOM TH1£ 


RRCOUDIS OF g;ov.ernment. 

♦ ^4 

i^\RT \. 


HUUG.VnUN RKVOKTS AND M VPS OF THE PRESIDENCY OF MADRAS: 

« rOKWAKD»(0 »Y THIS «L<ftSTAf(y OV TIfR ttO.SttU Or KBVKN'UK, KAURAJI. 


Nu. l.^FruM Captain S. Dmt, Seeretary to Mr /Tc^arJ o/Itevemti^, i. iAe Ve/xfrhnmi 
o/^FuUie Horkt, to R. Cl.£hk» Faq., AcdMy Secreto y fo Gov€rH$Hent, 

yo, 52J, Moiirn9, 2Hth OcfoUr JS42^ 

SlH, • 

With reference to the concluding peragre})h of the Memorendum which aceom- 
pAiiicd xny letter of the Hth ultimo, 1 hare now the honor, bj deiire of the Board 
of Beyenue, to forward the cop^ of Major U. C. Cotton's memoir* on the irrigation 
of the Province of Tanjore, togetJier with additional plane connected with the 
subject 


NOTES ON THE rrm DIVlSICfl5, 

By Major H. C. Cotton, AtHng doU 

% 

It It impoaaible to become ac^^nainted with the Prorinoa of Tanjor^ without 
viewing with admintioh and wonder, the degree of perfection to which the irrigatipn 
was brought before even ^e British possession of the country, and indeed before the 
date of Any existing record. Tbe main branches of the Canrery, with the branch that 
rettins the parent name, tbe minor cbanoeli separating from those, and th% innume¬ 
rable ramifications threading the whole surface of the Delta^r^so disposed, that ona 
can scarcely believe that it was a gradual work, each portion Che accidental Mult of 
wbat had been before done, but tbe work of consummate skill and science planning * 
the whole syttem at once, and ettablisking it. ^ 

a Dated lOth UarcU. 



. « BBt*SCTIONS rnOM THm RECORDS OF OOVERKVEKT. 

CliOg^F lUFt Iskfn plsce daring the Uit 40 or 5U yMrs, disordering in some 
meseore the irri^tion of certain tracts, and remedial have been of )aU years 
ajiplied, bat tbeaO^iavc been almoat entirely confined to reitoring tlioie tracts 
to the coodK^p they Iiad been In at tome former period. But fieving the syitctn 
generally, vr find the levels'of the main branches perfectly well adapted to supply 
the smaller, and these to diatribatc again the water to the lands, apparently with 
the least possible waste of labor in the excavation of channels, the least Tniiltipli* 
cation of sluices and acjuediicts. to give the supply the different levels require<l, 
and the most conveuient distribution to the Yarious villages and farms, while the 
drainage of all is at the same time most admirably provided for. 

Tlie difficulty of obtaining a full supjdy of water in the Cauvery or southern 
main branch for the irrigation of all Tanjore has been the grievance of ages; Colonel 
(tnldwell imputed it to the )>eds bring to raised by the accumulations of sonO from 
the Colleroon head to the sea, as to turn the water into the course of the latter 
liver, and declared Ids opinion that thougli temporary measures might improve 
the supply, nothing but opening the mouth of the Cauvery, and forcii»g n great 
body of water by that course to the sea, could carry off the continual infiux and 
accumulations of sand, and therefore nothing else could keep the beils on a 
sufficiently low level to ensure a supply of uater; and he anticipated that in not 
many years, tJie rivers would be dry, and the country ruined. This was 1 believe 
in 1803: he raisi*d the grand Annicnl where the bed was liigb, and where, m 
consequence, great part of the water escaped tu the Colleroon. This was the first 
improvement, but U was lcmi>orar)*^ the supply fell off, and aj) opening about two 
miles from the present bead of the Colleroon, through which a great body of water 
passed back to the (.'olleroon, was closed, thus throwing the scjuiration of the rivers 
further west, and taking ad' antage for the motnent of the deep channel then forming 
the head of the Cauvery. Tliis was soon found to be a mere 1 cmporaryJ*nprove- 
mont j the deep channel filled with sand, and the river was as badly supplied as ever. 
This was the second ailenipl, partially sucocMful for a time, hu( not at air rising 
above the fears and anticipations of Colonel Csidw vll. His proj^hecy was growing 
more fearful, and its realisaiioii apparently more near at hand. It was then 
proposed to make sluices in tlic bank between the Cauvery and Colleroon, for the 
purpose of discharging 8ur|ilus water, with a view to dear the Cauvery in a measure 
of its accumulating sands. This was the third experiioent, or rather the third 
improvement, for they were all such in a greater or less degree, and this was de* 
cidedly a radical and permanent one, leading to no liariu, because an agent under 
command, to be employcifVhen, and in whatever degree desired; and to a certain 
extent, os i shall show, lAncficlal to the river at the time, and still more so even* 
tually. ^ 

The river bed, sf the grand Amiicut and Ik'Iow that, was.much lowered, but near 
llff: bead, where the other set of sluices are, no change was effected, because the two 
rivers bring so nearly on a level at that spot, there was no /rength of current through 
those sluices, and no send discharged. The supply of the river fell off again, and witli 
yearly increasing rajildity ; and ig 1835, there wss so great a difficulty towards the 
close of the season to draw by means of a Corumboo any water into the Cauvery, that 
in all probability the uext season would have been as nearly u possible what Colonel 
* Caldwell had prophesied. But here I must remark that the evil, though the same, 
was not by any means from t1ic same cause as that on which he grounded his prophecy. 
Uod the bed of the Cauvery been ever so wide and deep, towards its mouth, this evil 
S 



8KLXCTI0NS FROU TTIK RECORDS OF GOVJUMMBNT. • 
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would not bftve been svertAl; the snpplj could not, in the shish test JegT^e» be ^f^ctcd 
\>j it; for suppose the bed of s riTer to be raised IS feet at ■ distaaceof 60 oiilcs from 
its eource, and suppose the fall in those 60 miles to be 13S feci, and lobe thus reduced 
to 120 feet, the diminution of supply would bo l«l8tli only, and inch a ebange is 
beyond, what has I beliere any where taken plaee in lha coarse of ages; the beds of 
many of the riTers no donbt rise gradually, when not well supplied with water in high 
freshes, or when altogether without vent, but that is comparatireiy a very trifling and 
remote evil as aflccting its supply, and in like manner the deepening of the extremities 
would be but s trifling sA remote improvement; as long as the parent channel con¬ 
tinues deeper, or has a greater fail than the bijincli at the point of separation, the 
branch suifers from the formation of sand banks at its head; this is always the case in 
all riie channels, imaU and great, and this has been the great cause of failure in the 
Cauvery itself, and lias rapidly followed every improven^ent of the river which left the 
Colleroon still the deepest channel at tl>< point of separation, as well as with a greater 
fall. The raising of the bed of the river originally established an elevation above the 
bed of the Colleroon, and this no doubt must be considered the primary, though not 
the immediate, cause of the evil, and none of (he former improvements tended to 
eotiiitcraci it; but the same causo remedning, the same effect eiisiicil, whether that 
cause increased or diminished. 8o likewise the deepening of the lower parts is a 
primary step to the restoration of the original level and fall of the river, but this can 
never amount to the fall of the Colleroon, whieh*iRL*cs a shorter course to the sea, and 
therefore never can remove the evil entirely. Here therefore is the reason tliat the 
under sluices alone could not prevent the closing of the head of the riv^r, though they 
deepened the bed for many miles of its course. All of them being i.m far from the 
head to affect it at all, except the first set, which, till (he Aniiicut w is built, had no 
suthclent fall. 

'V^ie river, as 1 stated above, was deepened at a diituicc of 2.1 miles from its head 
by the use of the several sets of sUiicca, and there was ampU capacity at the grand 
Aiinhiut for a full supply of water, if it could have be^ii bron^Jtt there, but the head 
itself was chokeef with accumulations of sand, and the supply diuiinishcd in pro 
portion. 

It is very remarkable that (he beds of tlie rivers generally do not appear to 
have risen siuce the period of Colonel Caldwelfs report. No awu rale observations 
hare been taken to prove this, bill f can discover no grounds wliaterer for supposing 
that they have risen. One proof of this fact is, that the rocky bed of the Vennaur, 
H miles from its head, is bare rock still, and as far as is known, this part of thn 
river, which would so plmnly show a change, is in the sa»lie state as it was 50 years 
ago. Another proof is, that of all the channels which ^all into the rivers, for the 
drainage of the land, none that 1 can discover have ever become choked by tTic 
rising of tlie bed of the rivers. 1 feel convinced that thewoutleis for the santi, 
(throngb which, during high freshes and during the heavy local rains, mucli wylcr 
escapes to the sea) halk been nearly, if not quite sufficient to prevent any tm-U 
rising of (he beds as Colonel Caldwell anticipated, and on which liis prophecy 
of the ruin of Tanjore was grounded. The grand Annicut certainly teqnired to 
be raised, to accord with the then state of Uft river-bad, and it was there, no 
doubt, that much of tlie supply of water was lost; hut I feel convinced that even 
at that time the head of the river was the main seat of the evil. Much money wag 
expended from time to lime in deepening the bead, and raising temporary CoruQi- 
boos, u well as on the great work of closing, what mu called, the Govmda Calagum, 
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' tboT« referred to. iud bj tbe$e meRni tbt btUle wu fought inch hy inch, but it war 
aiUr cU R retreat before ao overpovering enemj, delating the conquest* but without 
a prospect of lictorj* until the weaker partj was joined by a strong ally, and an 
entirely new arm was brooght into the field. This new and moat opportune work 
was the upper Colleroon Ai^cnt, prelected by Captain A. T. Cotton* after much 
study and experience* the effect of which baa been found perfect; giring the 
Cauvery its full scpply of water as long as there is so much in the entire river 
above, and ^ring such power to the upper (or 20-?ent) sluices in the Cauvery 
bank, as to keep the head of the river permanently deeper tffhn that of the Colleroon, 
and therefore the first of the two rivers to be supplied in timet of scarcity. 

The Annicut alone would have unfmlingly aupplied the Cauvery witii its water, 
and the head would never, I think, have been liable to close up as before, but in com- 
bination with tbe sluices, it gives a jwrfcct command over the bed of the river, which 
is an advantage scarcely within the view of those who most deeply studied tbe pro¬ 
ject; had Colonel Caldwell's project of drepc'ning the river towards the ica been effecUct, 
and as he anticipated from it, the whole river deepened throughout its course, wisat 
would have been tbe consequence. The wlmle system of the Irr gation of the district 
would have been disordered. The lowering of tiir Iwds, which now command the 
lands, would have cauKd tbe branch chamiels to reqtiire dams everywhere, to raise 
the water to them, or new bratiches from a distance show ihoie which now supply 
the fields would have been required, while the head of the river, totally uninfluenced, 
would have continued as it has done to close with sand, mid the supply of the ^iver 
to fall off. 

The upper Colleroon Annlcut was built in 183U, and there were at that time four 
sets of sluices In the Cauvery bank for tiic discha^ of sand, vis. the 2lhvcnt sluices 
2 miles, the Vuddavagoody sluices about 35 miles, and tbe Pcrmaul Coil 50 miles 
from the head of (he Colleroon. Tiiese were kept in use when water could bewared 
during the five first seasons, and from all that could be diseuwred (liy no very accu¬ 
rate observations) the river beds bad ratricr deepened than otherwise, but cerlalnly 
no very important change had taken place. In ron^<queiice of some alarms being 
expressed as to the effect of tho Annicut in throwing ijilo Uir river more sand than 
could be discharged, 1 thought it desirable to make as good a trial as possible of tho 
season of 1811, by not opening the sluices of the tiraiul Annirui and those to the 
eastward; and the long continuance of the'high freshrs has made the season one 
especially well calculated to |pvc the river an unusually great inllux of sand, while the 
monsoon being very light, the lower parts of I he river did not receive the cleans¬ 
ing which a heavy monsc^ ensures, the local rains having tho effect of discharging 
vast accumulations of santl into the sea, while they inlroJiiee none. Still the 
sections taksp show no increase of.sand, but rather a decrease. Accompanying 
my report of dth Ma”ch. 1812, is a set of sections shewing the changes in the 
bec^of tbe river during the season, and with one or two exceptions, out of *10 lectiona, 
the bed is lower at the close of the season than before. i 

A considerable change has in the coarse of the six seasons taken place at the 
separation S>f the Cauvery and Colleroon. The deep channel of tbe main river 
was along the north s)4a* leading jown into the Colleroon, the south side being 
rdied with sand banks, and the head of the Cauvety itself choked op with them, 
Jhe effect of the Annicut was to throw a strong stream directly across the head 
of.Seringham, sweeping out a very deep rhamiel of no coniiderable man of sand, 
and gening tkie bead of the Cauvery during tlie season. I'he Cauvery was then 
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6ecore of a full ftupply of water, as long ae the m»n nrer cou3d furuisb it, and 
thongb there was an uuheardH>f icarcitjr of water in the main rirer that year, the ciopa 
througl^ont Tanjore were tolerably abundant. There can be no doubt, had the 
Annicut nor been built, that every year the Iota would have been incalculable, and in 
the 2nd, 3rd and •Ith yean, the south-west monsoon wdi also exceedingly light, and 
the river very scantily supplied, so that the benefit of Che Anxncut was in fart felt to 
a degree which no foresight could possibly have anticipated, but which making no 
very palpable appearance in the revenue accounts, unsupported by the consideration 
of tlie deficient supply ofVater in the main river, has nut earned for the work that 
credit, which its immense efiTect gidned, where the (ircumstances were all known. The 
revenue of Tanjoro being so materially aflected by the varying price of grain, makes it 
difficult to show distinctly the benefit tlie district has derived from the Annicut, but 
the price of land gives a very remarkable proof of its ef^ct, and to show the feelings 
of the people most interested, and best able to judge of the actual advantage derived 
from the Annicut, I need only to repeat what has been often said to me, that at the 
expense of one rupee per vaily of land, the work could ho built at the expense of the 
people, anNua/fy (if tieccsaary) with*immense profit to them, tpiite independently of 
the increase of revenue obtained by Govonnneui; and these remarks have been backed 
by an olfer of one rupee per vaily from the landholders under the Vennanr, if the 
Government would build an Annicut across the Cautery' at its head : a sum of about 
'10,000 rupees. 

Swice the construction of the CuUcroon Annicuts, they have bwn hnnnally 
improved and strengthened, and arc now brought to thi’ condition of gt'd permanent 
works, not only we)I-fitted for the pur^mve for whuh they were cm jtructed, hut 
rcquiniig very trifiing miuual repairs. The centre bmiich of the (*pper Annicut 
was lowered last year; Us present hciglit Jj feet lH*ing luffichnt to throw into 
the a full supply of water for all Tanjore. The low r \oiilcut is now 

to be raised fonr inches, and covered with cut stone, winch *si .‘ms to be at present 
nil tlnft work requires. The rmiiug is diicfiy intendeiUto add to (he supply of the 
VuddavAur and Veeranum for the l^encfit of the lands on (he north side of the Vdlaur 
river, across which an Annicut is proposed to i^ constructed. l*he lands irrigated iiy 
the lower Annicut arc the talooks of Mannargoody and t/belliunbruju in south 
Arcot, and a consiJeralde tract of country chug (he south bnuk of tiie Colleroon 
extending to the sos. 

Tlie 20-veijt sluices have been greatly improved hy the cnlargin;; of the vents; 
they now discharge a great body of water in high freshen, aud of course also a 
great volume of sand, and are, 1 think,in plan ns well as inefiiTt, an etcellciit work; 
this is tlie first outlet from the Cauvery to the Colleroon. *Thcy Itavivbeen strength¬ 
ened by rough stone defences, and seem to be very secure. * 

The 150*yard Calingulah is the next outlet for flood water, %nc] by this a consi¬ 
derable quantity of sand also escapes. The vrork has no solid apron, but one of locs^ 
stones, which has heeii annXuy improved by the addition of rough stnne, and the whole 
work is now in good order. A foot bridge was constrnoted on the crown of it in 
1838. ^ 

The grand Annicut is the third outlet. If hw 300 yknU gorge, and 10 vents 
through its base, and the fall between (be two rivers being here considerable, the 
discharge, both of sand and water, is very great. 

Oil the shapeless body of this ancient work is a bridge af 30 srchcf, of 30 feet* 
each, fOQitrueted in 1838, and an extremely useful communication. 
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The Coileddy CaUnguleh of 100 judt gorge* And itill grenter fnll than ihti 
at <he grand Annieut, la the fburth outlet, and has an immense effect on tlie 
floods of the river, discharging in the highest freshes about half the water that 
reaches that point, with much aand also. A low apron was added to this work 
last year, and it is now in^od order, hut it would be the better for a covering 
of cut stone. The bridge over the Calingnlab makes it a very complete work. 

The Vuddav^oodj sluice is the filth outlet; it has 12 vents, and is a low work 
discharging water over it in the floods (having been lowered four feet since its construe* 
lion.) The body is of great thickness, and contains a considerable mass of cut stone 
work and brick maaonry that have been dispensed with, without diminishing its 
strength; a low apron was found necessary to secure the foundations, and wu added 
last year. 

The Permaul Coil slnige is the sixth and last point of djKherge for the flood 
waters of the Cauvery; it has 6 vents. The water passing out by tills sluice fsUs 
into the Munnyaur, and is discharged from that clianncl by another sluice into the 
CoUeroon. This arrongement limits the use of this sluice, and 1 think it would 
be very desirable to carry the water from it under the Munnyaur direct to the 
CoUeroon. It might then he used freely for the discharge of water in times of 
flood, u well as for land, for which alone it wu intended. It would be necessary 
to carry the Munnyaur by tin aqueduct over the channel leading from the iluico 
to the CoUeroon on account of the navigation, and on this account also a new 
channel would be re<|uired from the Permaul Coil lock to the Munnyaur. • 

Previous to the construction of the CoUeroon Annlcnts, much pains were taken 
to to regulate the distribution of water »s to give a fair proportion to each main 
branch, and several important works were constructed for the purpose; and although 
the abunduice of tlic toti^ supply fur the district has rendered this a less ioiporUni 
consideration, it still requires attention. The Venoaur river, which is tlig^fleSl main 
branch, has always b^n ill supplied couipariion with othar branches. Sonic 
improvement has been made in the last two years to its head, and this iinprcrvcmcnt 
it tUll going on, and 1 think with the promise of considerable effect. It has a second 
head, affording it some help in low freshev, and 1 think it very desirable that a third 
should be opened from the Cauvery* cither opposite Coileddy, to fall into Uic river 
immediately below the Cutcbamungalum Annieut, or about three miles from the 
head immediately below the grand Aunicut. 

One or other of these projects, both of which have been fully investigated, 
should 1 think be taken into consideration, if it is found thskt the improved ibmi 
of the head of the river docs not fully answer the purpose of giving it a due share 
of the whole supply of w^r. 

The ^damoorty* which is the second great branch, was formerly ill supplied also, 
compared with the parent river, but a favorable cliauge has taken place in its bed, and 
k is now deeper than the Cauvery. Au Annieut across the Canveiy for its benefit 
wM recommvnried four years ago. unci ohtuuedthe aanctidii of G over ament, but it has 
not been found necessary to construct it. 

The Arasalaur is the third ^great branch from the Cauvery. It has also a 
head in the Trimulaojeh, which is a branch of the Codamoorty. This channel bai 
been greatly improved of late by a new open head from the Cauvery; which 
indeed it had originally* hut owing, it seems, to its drawing too much from the 
Canvery* was closed many yean ago. The river in 1636 waa entirely dependent 
on the Trimulrojen, and a bead, with a limited sluice waa formed for it in the 
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Can very: this being atil) found insnffident, the new heod, witboot ft wtA 

opened two yeftra ago. Thii bead la now becoming too great, and another change 
will tiiortly be neceaaary j either merely closing the present opening, and catting 
one lower down, or reverting to the nae of the bead alnice. 

1'he Btnte of the Tritrapoond^ Talook in Ttfujorl now calle for much of the 
attention of the Civil Fngioeer; 1 have made a general report on ita condition, and 
vent to the Board two projects for its improvement, bu^tbere is a vsst deal more to be 
done, and there la no part of the 5tb division now, where a considerable outlay would 
make so great a return. 

In tiie Tr'cUinopoly district some improvements have of late years taken place, 
and others have been projected, but have not received the support of the Board. 
TIkcre if a wide held for extending cultivation in IbeTalooka north of the Colleroon. 
The waters of the VcUaur, and several eopiouedungle atc^aou, might be made to yield 
revenue by irrigating these tracts. 

Tiie improvement of the M'y aeon dam channel branching from the south bank of 
the Cauvery has been long in conteniplstion, but with many other equally important 
subjects is defined until the Civil Bn^Jicer's time is available for it, or till he has the 
ossistsnee of other officers. 

In the Tnlooks of Manargoody and Chellumbtum in south Aroot very extensive 
imjiroveinent has been made. Channels have been laid out over a great tract 
of waste land, ojtd the Vuddavaur, which Is the main channel, bu been widened, 
and tile whole being supplied by means of the lower Colleroon Annicut, they never 
fail; a great deal also has been done for the distribution of the water to the 
old cuUivaUoj», and with these improvements in the irrigation, a system has been 
planned, and to some extent carrinl out of tbe dralnige of the ^'alooks, so that 
the whole state of the cultivation is in a condition i4s advance rapidly; but U is 
unhapp%.*check«d by the low prices of grains, the consequent poverty of tbe 
people, arid Uie want of some considerable i^hange in the lav a affecting the tenure 
of the tand, and en^uragement to those who are willing to culr irate. 

A line of navigation lias been established from the Cauvery across the Colleroon, 
and through Manargoody and Chellumbruia to Porto Novo. This most valuable 
project obtained the sanction of the Supreme Government almost two years ago, and it 
is now nearly completed. Tbe traffic from Coimbatore and Salem formerly went down 
the Colleroon direct to the see, but since the construction of the Colleroon Annicuts, 
that river is seldom narigafdc for more than two or tliree days at a time, and usually 
only at one period in the month of July, when the freshes are at the greatest height. 
To remedy this serious loss to the mercantile community, this new line has been 
ekUhllshed. Its course Is down the Cauvery, and uniting with the Trichinopoly trade^ 
it followf the course of that river to Permaul Coil, about 40 miles below Tritbinopoly, 
where a lock of 9 feet fall with a r^ilating basin for the highes^rise of the river, has 
been constructed for the d|Went into the Munnjaur, in irrigatu^ stream brsnehing 
from the Colleroon. The navigation then takes the eourse of this stream to Tripen* 
dull, a distance of 25 miles, where a level canal, two miles in length, communicates with 
the Colleroon immediately above tbe lower Annicn^ This canal has a regnlMing lock 
at the upper qpd, and a lock of nine feet fall into the Colleroon at the other extremity. 
Crossing the Colleroon into the Vuddavaur, and pursuing tbe course of that channel to 
the great Veeranum tank at Laulpett, anotlier descent is met with, which is obtained by * 
a lock allowing for seven feet fall, besides the varying height of water in tbe tank.* 
From this a short canal of half a &ile» with a lock to two Calls of seven feet at its lower 
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extremity, giree o deeeeiit into the VeUicul; a deep tnrplut channel falling into Cavn 
9elb*e channel, at the distance of three miles lelow Lanipett; after which there is no 
lock till the month of the Vellanr is reached, where a lock of sit feet fall prorides fof the 
descent to the level of the sea. The ('an very Is nsrigable from Trichinopoly to Permsiil 
Ooil, witit some intermissioifs from till December, and the reminder of the lino 
remains open sometimes dll Pebmary. The streams are moderate in velocity, and far 
down, traffic exceedingly easy^nd convenient. The locks are built for Wges 48 feet 
in length, by 12 in breadth, and drawing 4 feet of water* or 4 basket boats of 12 feet 
diameter. It would be difficult and expensive to make good towing paths on this line, 
and in the Cautery it U of cdUrae impraeticable; it would therefore be exceedingly 
desirable to use steam for ascending, and if tliis were introduced, 1 have no doubt the 
line would be crowded up and down with merchandise and Government stores, troops 
and passengers of all descr^Hions: barges should be built to fit the locks and steam« 
tug vessels of moderate }K>wcr, to take them up from the coast to Trichinqpoly. 
The long-talkcd-of coast canal, or sca*^ing steamers, would complete the line from 
tlie Prciidency. 

Many bridges have been built in Tanjore within the last six years, the most 
important of which are the Vellaur bridge at Nagore, 12 arches of 3U feet span, 
and the Vennaur at Tanjore, & archea of 08 feet each, and besides these, about 20 
bridges of from 30 feet to l.*>0 feet water*way. Tlicse, with many smaller tunnels, 
complete several moat iiaefui lines of road through a country hitherto locked up 
during about eight niontha in (he year from any possible communication through it, 
except in one or two main lines of road. It lina nlwaya been my study, if possible, 
10 to construct irrigation works, ns that they nmy afTorJ commtuiicstiou over 
tJie streams on wliich they ure built, and this bss tended also to open roads, and 
render occesaiblc towns and villages to wliich there had previously been no ^proach 
during the cultivating^ scasoii. ^ • 

I have also, endeavoured to make*the river and minor channel embankments 
passable roa<U, not only feft the convcnienr.e of the public, bul that they may l>e 
well fxanmied* and kept in order, i have Jio doubt that attention to these poiuis 
has been of great general benefit to the eonnlry, not m.trc ly at no expense to the 
Government, but preventing many Kcddeuts, and thereby saving much in the repair 
of breaches. Tlie bridges have l»een always designed on the most economical 
principles consistent with stability. I have studiously avoid.d all ornament, and 
adopted arclies seldom exceeding 30 feet span, which are easily managed, and are 
done with almost the least com)iarative quantity of masonry. The whole poputa* 
tion of the district is alive to the benefit they have derived from these commu- 
yiications, and 1 am sure 1 utter the unanimous voice of the whole district, when 
1 say, tharstoppingtbe expenditure of the surplus Dsvutanum funds in this way has 
been a severe djsap|Sbintment, and that If put to the vote, every hand would be held 
lip for the disposal of these funds in the construction ^f bridges and other works 
for the public good. The funds do not belong to Government, and the Government 
desires npt to appropriate them to State purposes; they belong to no individuals 
or parricular communities, and few, if any individuals, are found willing to take upon 
themselves the chargi of them with the Pagodas; they belong to the'i^ople, and the 
people are willing and anxious that they should be laid out in this way, and undoubc* 
edlj the indirect benefit, which the.State would obtain from the improved communi* 
ffftious, would be great, while the energies of the people would be diverted from their 
extravsgant ceretflonie^ to the promotion of works of usefulness* The propoisd 
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briJg« orer the Cauverj %i Triohinopolj !• ont of the tDosi dceirable irorki m thii 
p&rt of the country. It me planned and estimated ui years and was apprvred 
and sanctioned by the Court of Directon» but has aerer been baiU» The Pagoda 
funds might well be employed in this worki and whether the welfare of the people* 
the wish of the £aai India Company * the interest of th^State, the whims, fancies, or 
raUonal desires of erery caste and class of the people are consulted* they must be so 
disposed of; one end all of these anil most assuredly agree tliat th^can be applied to 
no more satisfactory purpose. 1 hare carefully planned the bridge, marked out what 
I consider tlie best site for ic» and 1 trust the work will yet be undertaken. 

J. H. BELL. 

Ur PEA CoLEROOw Ankicut, 1 
TAt iOth iVofcA i^i2. / 


No. 11.—Bk/rtref /rom fAe prpcttdinffi o/iAe Board o/IUoenue, in ike Beportmeni 
of PuA/ie Wotke, No. 192 B., under date ike 25tk April 1842. 

In obedience to the orders of Government contained in the Minutes of Consul¬ 
tation, dated 17 th March 1842, the Board proceed to take into consideraUon the 
correspondence which accompanied it. 

The subject, on which (he Military Board of the Bengal Freiidency request 
information, may be said to embrace the wholeacienec of irrigation as practised in the 
Madras Territories, while the reports called for can hardly be supplied without, not 
only a careful examination and selection of the mosses of papers and plans that exist 
in the records of the Department of Public Works at the Presidency .\nd of tbo eight 
Civil Engineers, but the preparation of new plans and the t*iking of ni w series of levels 
and s^iKeys in order to supply materials capable of being put t /gether in a compact 
form, and which might serve as a basis for the guidance ofpers *ns unacquainted with 
the nature of the Torks, it is now proposed to imitate in the Bengal Provlncei. 

There can be no doubt that such a digest would be generally useful, but it would 
be a work of some labour and time, and, unwilling to delay replying to the orders of 
Government unril it shall be completed, the Board instruct their Secretary to select 
such plans and reports as appear likely to afford most of the desired information, and 
at the same time to submit in a few paragraphs a general explanation of the nature of 
the artificial means in use in the Madras Pr^idency for the purpose of securbg water 
during the dry season to lustm the irrigation of rice lands. 


No. 111.—JVo* Captain S. Best, Secretary to ike Board ofBevenue, Department 
of Builie Work$t to B. Clerk, Bso.* Ckief Secretary to Cotemmeri^ 

No. 442, DepatimeHt\f Pudtic Worke, Madrae, the 8tk September 1842, 

Sir, 

Baragropk 1.—I am directed by the Board of ftsvenue id acknowledge the receipt 
of the extract from the Minutes of Consultation, dated the 17th of last Mar^ 
trtnsmitling on application £rora the Bengal Military Board for information respect* 
ing the system of irrigation pursued under this Freaidency. 
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the riew of lappljing tke rei]uired infovintUoQ^ the oecompenjing 
‘ memormndum hu been prepared, which, with thr plane and 

1 .•mena aoiea Intended to ilinetrate the tnbject, will, it la hoped, 

prore of aome aertlca to the Bengal Aotboritiea in anj projects which they mi/ 
propoie to andertake to extend acd improve the agricuflure of that Presidency. 

3.—The Bevenne Board it aware that the report ia incomplete, and that it may 
not be found to convey afttiifartory information on all the topics embraced in the 
letter from the Bengal Board, and indeed it ia hnpoulble without much and direct 
eornmnuication to makcao comprehensive and intricate a lahjcct as the eyitem of 
irrigation at this rrcsidercy intelligible to those nho have not had an opportunity 
of wUneisiiig nnd esaminiiig it. More dettula and plans will however be auppUed aa 
they can be collected and digested, and the Board will always be ready to explain 
more ful!y any parts of the ^stem which are not clearly comprehended. They will 
also be‘happy to give their be^t consideration to ^ny special plans or projects for the 
eatablishmcnt of works of irrigation, on which the Bengal Authorities may wish for 
their opinion, and it U possible that the intercits of both Presidencies may bs 
advanced by a free interchange of opinions and espenenee. 

4. —To save unnecessary trouble to both Governments, it may be convenient to 
place the Bengal Military Board in direct communication with the Revenue and Mill* 
tary Boards at this Presidency on questions connected with irrigation. 

5. *^1 am directed to take this opportunity of stating that the information applied 
for by the Bombay Government ia now uuder preparation, aod will be afforded at an 
early period. 


No. IV.—AfewoMadvrt on the sys/cw o/ irrigation in Motfroi Preaident^ btf 8* 

Bsst, Secretary to tAc Board of in Me hef,artweni of PMio Work*^ 

1. —The simplest and Inost usual descHpilon of work Is the Tank. This ia 
formed by raising across the tipper part cf a valley an embankment, by means of 
which water supplied by the periodical rains, by jangle streams, or by river channels, 
}8 collected and retained for irrigation the lands, nnil bringing the crops to maturity 
during the hot months. The Helds ocrupying the lower part of the valley ar» watered 
from the tank through sluices of irngatlon ercctci] in its bank. 

2. —The banks of the generality of tanks seldom exceed Hve yards in height* 
Many of them are formed of eartli only, in n few instances carefully turfed; while some 
of the larger works, and in country where atone is abundant, many of the smaller 
banks also, are protected by loose blocks of rough stone l<dd on the inner sloping 
aurface or disposed in the form of a nearly upright revetment without mortar or 
cement, llie object of these rough stone lacings is not so much to support the earth 
wbrk as to protect it from the action of the waves during/Stonny weather, and from 
damage by the mensoon rains. [nJa y/oAs]. Many tanka arc often formed in the 
same vallgy. the bed#fone sometimes beginning where the cultivaUon under that above 
it ceases. In conseqnency of this tiie breaching of one unk oBen leads by the sudden. 
ioAux of its waters tb the bursting in succession of those below it. This is more 
particularly the case when heavy and sudden rains tueceed seasons of drought, during 
which the earth of which the tank banks are composed loses tenacity and la soon 
iaturated by water. Another aod the gtaeral cauit of the breaching of ia the 
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neglected ttaU of tberr binke which tre not in al) parti lulHcicQtJj railed above the 
lurface of the water in them. High winds exciting waTca in the tank» throw the ipra/ 
orer the lowest parts oT the banks which are thus gradually worn away until at last 
the water overtops them and a breach ensues. 

3. ^1 n order to provide for the outflow of such wltcr jiS may enter the tank 
nfter it has been received as much as the slate of Ita banks cikableB it safely to hold, 
portions of the bank (generally at one or both extremities and frequently across the 
bed of the jungle stream by which the water arrives) arc formed of masonry» the 
height of which is so regulated as to allow tlie surplus water to pass over, and their 
lengths which vary from 5 to 200 and 300 yardsr by the sixe of the tanks and the 
quantity of water which they receive; during floods and the uionsoq^ rains. Works 
of this nature are generally known in this I’residency by the name Calincvlam, a 
Tamil word of originally much wider import. Along tjic upper surface of these, a 
row of upright stones 2 to 4 feet apart and from 2 to (l feet high are generally inserted. 
The interstices between tlicse stones are tilled up with CAiib, straw and rubbish to 
increase the capacity of the tank when the rains arc moderate, but when the supply 
of water is too great, and the tajik is in danger of being breached, the interstices are 
cleared to allow a large quantity of water to escape, the rapidity of the outflow being 
iucrcuscd by the additional vent thus alforded. The dam stones are mode of such 
height that the top of the temporary bank raised between them is nearly on the level 
to which water can rise In the tank without endangering its bank. In some tanks, 
the c^c#i of water flows out from vents pierced .it a low level in mosunry walls 
I'imilarly jdaccd. These vents are dosed hy vertical plonks inserted ")dc by side or 
by shutters. Works of this description termed aiinvLvs OLuicks alU i^ing the water 
to flow out with greater rapidity are of sniallcr dimensions and lesi eX|>ciuiTe tbuii 
Calingulahs. They have also the very great advantage of ^riuitling l)ic escape of mud 
and saird from the bed of the tank, by the accumulation of which all such works are 
otherwise Imblc, in the course of time, to bellied up and rcncfcivd useless. Vents to 
he cldicd by plaukjf or shutters have frequently been cosstruct'd in the lower part of 
the body of Calingiilnhs. Dot the couiiuon I’alinguliili is the usual way of allowing 
the surplus water of tanks to escape. 

4. —Sluices of irrigation consists of Jong tunnels of cemented brick or stone, arched 

or covered with flat stones, passing througli the banks of tanks aud on a level with 
the bed of the tank—furnished at the extremity inside the tank with o contrivance 
for regulating the quantity of water that flo^n to the fields, and at tlic other end with 
A cistern or basin, the walls of which are pierced with lioles nt different levels through 
which water running to the branch channels is carried to fields at various elevations. 
The sluices in large tanks have sometimes cisterns at the inner end also, tlic object of 
winch is to prev ent the accumulation of mud at the head of the sluice. Tiic ordinary 
contrivance at the head of tlie sluices known by the name oT payal, consists in a 
vertical door (often merely a block of stone) which is removed to allow water to flow, 
only when the took b nearly empty, and in a portion of the covering (whiih ia of 
stone) being pierced with a conical bole in which a conical block of wood attached to 
a long bamboo is moved upwards or downwards ^oni a frame of two large upright 
stones, and two or three placed transversely for the slufee mate to stand on. The^io 
latter have boles in tliem through which the Iwnboo is lilted or lowered. The orifice, 
through which the water issues, is blocked by this dcscrijition of stopple ol opined to * 
any desirable extvul according to the demand for water. * • 
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5.'^Irrigation by tanka ia often combined with that by rivers, the water from the 
rii^ra being brought into tonka tiiat are favorably situated by xneaua of cliannela cut 
through the river bank and intervening ground. 

6i—Irrigation from rivera requires for more acientUic knowledge and enquiry than 
irrigation by means of .tanka only, such as is above described* It ia eaay to judge 
of the posaibility of retaining water by stopping the course of the natural drainage or 
of jungle streams of moderate dimensions, but to decide on the possibility of partially 
4^verting the waters of rivera into entirely new courses, and on the positiona that 
these new courses should occupy, so as with the least ci]icnsc of excavation to obtain 
the greatest and most constant sajiply of tratcr, requires not only a just appreciation 
of the difticultiaa of digging In soils of varying hardness and to varying deptlis, but 
tho taking of acenrate sections on different lines, by whicli to* ascertain the relative 
levels and tlio fall that ci^i l»e allowed to the beds of tUe^ropoaed Channels, in 
short a knowledge of the furm of the ground both accurate and comprehensive. 

7 .^\ plain wliicli it Is desirable to irrigate can hardly bo so situated, but that 
the bed of a neighbouring river ia at some part or other of its course relatively higher 
hi level. Supposing* a surface A. B. to slope from A. to B. at tlic rate of two feet in a 
mile and to lie traversed by a river C. 1)., the bed of which falls at the same rate, 
hut is ihrougliout 30 fcf t below its banks ; it ia evident that the part of the slope, 
which is 10 miles from A. towards B., will l>e oti the same level as C., and that were a 
channel (*• B. excavated with a horisontal bed, water from tlif ri>cr above C. would 
flow along it unUl it reached B., whvucc It might be coiuliictcd to irrigate ^le lower 
portions of the slope K. B. 

b.—In like manner, if the led of tiu* channel were made to fall one foot per mile, 
it would at 10 miles he only 10 feet below the country; ami at 30 miles, Itnvijig gained 
a foot per mile, it would cii'crgc on Us surfsev. 

D.—The ease ia more unfavourable, but similar though the country'should 
also slope, M it most frcfpiently docs, towards the rher m well as towards the sea. 
In this case the water to the lands farthest from the river must «bc brought Vrum a 
]) art of the bed nearer to its sou rot's, and the oxcaiations must be deeper, or, ns it will 
often h.ippcu, the ex pc use bearing too high u m tiu to the attain able mU ant age, the 
Irrigation must be restricted to those lands which lie nearest to the course of tlm riser 
and at the lowest les'els. 

10. —Cii.tNNCta of irrigalioii have bc<ii taken off risers such as the l*a)aur in 
A root, the full of Uic bed of which is at the rate of nearly 10 feet in a mite, and Its 
ill-dchned hanks 0 to 6 feet liigh, as well os from such as the KisLna which runs w'ltL 
a fall of loss tlmn one foot per mile and between steep banks of feet. 

11. —It is the relative fall of the river, and of the country on its banks which 
dctcmiinet the least length which the cliaiuiel can hate iu order tliat its bed should 
cmei^e above the sUVface and its water be brought to use, but when the freshes ore 
of short diivatioii and channels are led to tanks, it U evidently desirable, in order that 
they should deliver water rajddly that they should be wide, and tlic velocity of water 
in riiem considerable i although to alTord slope to their beds their length should be 
extended, and the expense of exca^tion increased. Six or eight yards may be consb 
dered the greatest de^itli to which Irrigatiug channels have yet been excavated in this 
Presidency; but the general nvemge is not more than two or three yards. Great 
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poriioiift of fome channels have been formed bj throwing up one bank oti\y on the 
lower side ofa slope; thus. (Fig. 3.) * 




And the bemls of some river clianncls Uy separating part of the bed of the main 
stream by means of an artldcial bank. (Fig. i.) protected by river grasses. &c. 

12 .—111 some eases, tbese artificial banks are carried for ve^ coniiderabis dis* 
tanees up the rivers or ob1if|Ucly acroA thrir sanely beds. 

f3.~Sueli banks torined Corvmdoo arc generally over-topped and carried Awny 
by all fmi ICS of more tbaii 1* yard depth of water, lliey arc temporary expcdieuls 
or subKitiitcs for permanent dams or Annients. to (urn the early and In • freshes of 
rivers into irrignt:ii 3 or tank channeU, and being liable (o be partially ai*U sotnetimes 
entirely destroyed by every full fresh, require to bo repeaSeilly repaired and occasiou* 
ally re-con 8 true led during every season. Tlicy are usually cpnsiricted and kept in 
repair liy the prupricturs of the land which they irrigate without my cost to Govern- 
inuit. ♦ * 

H.—In tlie Kistna oiid GoJarery banks, the channels not having been excavatc<l 

• UV iiM uriii« rivprboiiit; to more than 13 feet depth* no water enters them until 
lio feel uiuvf th« iMiukp. tUaso TiTcra arc partially tilled, and the lands do not receive 
water from them, excepting during (be season of freshes or for about four uioiiths of 
the year. 

15.—In such eases when the bed of tlic channel at the head is not made as deep 
as that of the river, it may as well l>c horlaontal, for to obtain some water during a 
longer period by having the head of a channel deep is more desirable than to sacrifice 
this advantage for the purpose of obt^ning increased velocity by giving slope to 
the bee], in fact, Uie velocity depends not upon the slope of the bed but ujlon that of 
the surface, and these are rarely the same in channels such os thfise of irrigation which 
are seldom or never uniform in depth or dimensions, in direction or in any other res¬ 
pects. The interior of the Masulipatam district south-eASt of a line drawn from 
Beswara through Ellorc and llojamiindry U in great part lower in level tba^the beds 
of rivers at the points crossed by the same Une.^nd might be irrigated from these 
rivers even when their waters arc lowest, if cliannvU were cut oTsRffielent deplli through 
the ground which slopes from their borders. Tlic slope begins with a fall of 4 feet 
a mile, but is gradually reduced in approoebing the Colair Lake, a shallow basin * 
that occupies the centra of plains almost fiat, and from fi to 12 feet only above low 
water in the neighbouring sea. 
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16.'—Th« extreme depth of such chinnels would be for the KUfna So feet end 
fof tlie Godavery 25 feet; but it must be noticed Uiat the channeU now in existence 
(and the depth of which, below the countiy at their heads, nowhere exceeds 15 feit) 
are liable to be partly blocked by deposits of sand which require to be annuolly 
removed. The velocity of *tbese riren being at the freshes about 5 miles per honr, 
even their upper ifater is then mixed with large qusntities of earth and sand, which, 
being brought into thc channels with the water are deposited chiefly in their beds 
as the TCloeity graJuall/ decreases. It seems probable that tb^country traversed by. 
the Mahanuddy to which the Bengal Military Board particularly allude, would also, 
if exaintned, prove to fall from the<baiiks of that river, and to be susceptible of irriga¬ 
tion in the same way u thc combined Kistiia and Godavery Delta. This eonibrma- 
tion may indeed be predicted of all country inundated by the overflow of rivers, the 
sediment of which is deported in greatest quantity near their banks; raising tho 
neighbouring ground and gradually forming a slope in rev erse of that whic^ flrst 
determined the course of thc stream. 


I 

^ Section. 




On both banks of tbc Kistna and on the west hank of the Godavery tho meeting of 
these two slopes is ocenpiefl by thc drainage of the great iiiundaiions, und has been 
iDsde use of to serve as channels for irrigation also, hut, ss it is iteces^arily low in 
level relatively to the ground to bo irrigated, this arrangemeiii oiloptcd by the natives 
probably to save immediate expense, and to securv Uic flow of water, is not recom¬ 
mended for imitation. 

ly.^Most of the works in the Madras Presidency are old native v'orka, such as 
have been kept In repairs and In use, or siicU as have been restored or modified by 
the officers of thc British Government. The positions adapted to the formation of 
tanka have for the most part been already occupied, and veiy few of tho rivers or even 
mountain streams have been allowed to reach tbc sea without having been forced to 
contribute some of their water to channeU and reservoirs. There aro very few com¬ 
plete systems of wor\s which owe their existence to our Government, although 
tlivro are, on the other hand, but few works wbieh have not unde^ne alteration, 
repairs and improvement since thc countries came into Brlrisb possession, and the 
attenUoi^ of scientific oflicers was directed to them, 

18 .—In eonsequeni^, among a vast variety and number of works there are few 
or none that could be*held up as models for close imitation while the irregularities 
in the slopes and widths of clisnuels, the crookedness of their courses, said in some 
Instances to have been determined by utrological considerations, generally turned to 
avoid diAcalties by no means insuperable to our more tifirient means, and always 
Bubjected to the capri^ and the interests of pttty proprietors unbalanced while 
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under the old unsettled Goreraments hive prerented tbe obt^ning of such niefol 
dete ei might hive been derived from objerretiaoi nude on works constructed moVe 
eecording to principles of art. 

Itrngil MUiterjr Hoard seem to have bec^ much misinformed on the 
subject of Anmcvts. 

20. —The i^ord '^Anmeut** is Tamil and means genersllj dam •or weir. It is a 

pit/ that in English wnting. English words, the sigoiiicetion of which is more exactly 
#mite(], should not hare been used in preference. Our Engineers have with one 
exception (the Grand Annicut at the end of Seringham Island, which Is a weste weir 
or dlvrrsoir) rcstKcted the use of the term to a Hard across a stream, and that of the 
word " Calingulsh*' to a work of similar form in ihe bank either of a supplying stream 
or of a tank. No such distinction is made by fAose natives, who have not been taught 
to make it by Europeans. • 

21. —'The chief dbjcct of Annieots is to raise Oio water of the streams they arc built 
across, in order that a portion of it should be diverted into channels leading, as the 
case may be, directly to tJtc Holds or to tanks, in which the water is stored up to be 
used as required. Some Annieuts arc like Oslingulahs furnish with dam stones 
to sustain umpornry banks of mud. &e. ond to raise the water in the river beds during 
the dry season and tJis early and low iVeshesi suchtemporary embankments being washed 
away by the freshes, others arc'provided with sluices, or have low parts or gaps lef^ In 
them seldom exceeding fire f«9Ct each ; within which liinit, it Is not difficult to provide 
mciins of closing, such as shutters, Ac. By these, the sand is more or less prevented 
iVom accumulating to the height of the crown of the dam and parts of the beds of the 
rivers, generally inconsiderable however, arc I bus formed into pools extendir. ^towards 
their sources. 

2^.—These are in no Instance looked upon, as the Bengal Sililitary Board imagine, 
in the light of tsnks. They m<*iy, for a triding period at the,very end of the dry 
season, answer the same purpose, but the irrrigation depends in all ca'fa, either upon 
the con Ant] al flow of a small quantity of water duriug*the early part of the hot 
teason, or upon tanks generally far awey from tbe river, and which are supplied by 
channels during the freshes. 

23. —Almost all the rivers In the Carnatic, are little more than beds of dry sand 
during the hot season, ond very Ifttle W4ter can than be procured from them for tbe 
purposes of irrigation. During the monsoons they are more or less full, and 
it is then only, or at least chiefly, that a portion of thrir waters is diverted by means 
of Annieuts and channels into the adjoining conntry, to fertilise and moisten the rica 
and garden lands. During the periodical rains there is generally too much water, and 
in the hot months none, and the object of all the expedients and works of irrigation 
is to rectify these erils, by collecting and rctmiiiiig In tanks or reservoirs a portion of 

the surplus water of the monsoons for the irrigatioo of the country during the dry 
season. * 

24. —When the slope of the country is gradual, it Is evident that a dam across a 
river may, by raising tbe water in its bed, very mucli diminish tbe length of an irri¬ 
gating channel to be led off it, and it might appear that Annieuts would on this ' 
account be found generally in the lower parts of the couriee-of rivers where tho 
fall is grsdual. But this is not tbe case, because tbe lower parts of rivers are gene¬ 
rally wider, their beds sandy and unfavourable to sueb buildings, and their banks low* 
The obstruction of the bed in such localities would rmse tbe surface of tUy water In • 

freshes and render necessary tbe fomatioa of bonki to prevent the inoadaiioA of Iho 

% 








Accu. Nv 





% 



16 


fJtLKCTiOKf rmou TRS BKCoaos or GOvraitkCXNr* 


country through which the river pwees for, however edvantegeoue such inundatione 
ere In the Deltet of the Ganges end Oodevery, they ere moat cerefully guarded against 
on the banks of the Caavery end Tembrepooray, where the crops ere relsed not by 
f aaeda<toe but by e very ertlficie) end (as far as the science of agricultitre is concerned) 
a very perfect system of iVr^ofioa, 

25. —Annicute are most generally useful nearer to the sources of streams where 
they traverse roefy eountry. In such situa^ons, rocky foundations can generally be 
obtained, and the work built securely; while, although the fall of eountry is grei)^ 
and channels do not need to be very long, yet without Annieuts, the diAcuUy arising 
(torn the nature of soil, In such parts generally stony, end which it would be necessary 
to eacavate to a great depth, would be very often absolutely ininpereble. 

26. —A rocky bed though a great advantage, and always to be, preferred in select- 
ing a site for an Annicut aa^ contributing to reduce the cost and increase the stability 
of the work is not however an iudispensihle requisite. Several Annieuts have recently 
been built with perfect success and at a moderate expense across rivers, the beds of 
which consist entirely of pure sand Co a depth far beyond the foundations of these 
works. On such occasions, the chief point to be studied is the formation of a strong 
and substantial apron beneath the Annicut to break the overfall of the water, and 
prevent the foundations being undermined. The manner of doing ibis will be 
understood from an examination of the plans and Sections of the Coleroon Annieuts. 

27. ^Generally in the wide and flat beds of rivers near their mouths the scanty 
supply of water during the dry season is collected and turned into channels by means' 
of the temporary embankments of gras|, baskets, sticks and sand which have already 
been mentioned by the name Conm^ ; but there are two njodern Annieuts in such 
situationi, mention of which must not be neglected even in a notice so cursory as this is. 

28. —These are the upper and lower Annicuta across the Coleroon, built at the 
suggestion and under the superintendence of Capudn Arthur Cotton of the'Madras 
Engineers« Both these works hare spperseded and rendered unneccuary the con¬ 
struction of extensive Coruoiboos; while unlike Cornmboos, resist the action of 
freshes and assist the irrigadon in all states of the river. The upper Annicut is 
built were the (Agunda or whole) Cauvery divides into two branches, the Coleroon 
which seeks the sea by a straight covrao falling at the mtc («f about 2 feet per mile, 
the smaller but more useful branch (which retnins the uame of Cauvery) flowing on a 
snore elevated bed, and, after liaving in the abort distance of 40 mites gained no less 
than 15 feet ot^ilic level of the bod of tlie main branch, dividing and subnlividing 
until its ramifications spread over the greater part of the Tanjore district, in irrigat¬ 
ing which almost all its water b gradually exhausted. For many years previous to 
1836, the Tanjore cultivation bad pressed so closely upon the supply of water afford¬ 
ed by the Cauvery that in seasons falling at all below the average, extensive tracts 
of valuable land either remained uncultivated or were subject to the still greater evil 

*■ of being cultivated in vain. The defect was riiiefly attributed to the accumulation of 
sand in the upper part of the stream near its separation from the Coleroon, to remove 
which various expedients were devued and adopted with partbl, but only temporary 
success and inadequate to the necessities of the case. At this conjaneture, vu. in 
1836, Gaptaon Cotton, then Civil Eo^eer of the division, devised the Annicut which 
b built acrosa the Coleroon aboat 100 yards below the seperaden^of the two rivers, 

and by nusing the bed of the Coleroon about 6 feet has, without diminishing except 
• In a trifliiig degree the capacity of its section for the passage o( lugh freshes, render¬ 
ed Avulahle for the supply of the Cauvery and of Tanjore all the water which even in 
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(ItF driest season and when most wanted for irrigation, used to pass waste to the sea. 
The lower Annicut was built in the same jear about 70 miles down the same river, 
and serves to turn the water that acrumutates in the intervening part of the river 
bed from the drainage of euKivation, and the springs that oose from the sand into the 
countrjr on l>oth sides, and inigates extensive and fertile tfacts of land in theTanjore 
and south A root districts between the Annicot and the sea. 

29.—'These two works are verj similar in form, consisting of walls of brick in 
chunaxn, the surface onl/ being covered with cut>stonc, the foundations of which rest 
on rows of brick wells sunk In tbe asiid and filled with rubbish, and are protected 
by an apron of stone work, on the paveil surface of which the water falls, and its 
tendency to undermine is in great measure broken and destroyed. Several sluices or 
vents of 3 to 6 feet by 3 to G feet have been left in the bcxly of the work, for the pur¬ 
pose of allowing the water to flow through in high freshes, and C4irry amid with it, but 
the capacity of these is not sufficient to exercise a deeidetb influence on the bed of the 
river, and it has in conie<]nenec, notwithstanding these contrivances, been generally 
much raised by deposits of earth and sand in front of the dams. Many of the details 
of these projects, and the principles on which tJicy arc built, will be found in the two 
reports printed at pages G3 and 131 of the professional papers of the kfadras Engi¬ 
neers, and it is not necessary to repeat them licre. 

do.—Details of other works, and much of the infoimstiou applied for in the fifth 
paragraph of the letter of the Bengal Military Board, may hr gathered from the 
• accompanying (vi^« Appendix) and reports selected from uinong the records 
in this (lepaKment. Tlicac apeak for ihctnaclvet, but it may lie important to remark 
that to ensure t)te stability of masonry works through, or over which water flows, too 
great rare cannot be taken in regard to their foundations. 

31, —In most of the accompanying drawings will be pcrcepfihle the mxiety with 
which the fall or rush of water has been, by those who designed the w^/ks, as far as 
possible, removed from the body of the works; but some of them will pcrhajis siig< 
gcst twdoiibt whether the expense of laliour ond roaterii^s beitowc, in adding exter¬ 
nal defences might not have been lietter applied in making the .bundalions of tbe 
work themselves wide and deep enough to have been secure uiihout tijc appendages 
of apron below apron, retaining walls, &r. See. 

32, —The most perfect specimen of river and channel irrigation under tins Presi¬ 
dency, is, that of the Delta formed by tbe t'olerooit and Oauvery rivers in Che pro¬ 
vinces of Tanjoret A large portion of the waters of the two rivers, is consumed in irri- 
garion, and tbe numerous channels with their ramifleations spreading over the country, 
and throwing off smaller branches they proceed to irrigate and fertilize the Gelds, 
bear a strong resemblance to the veins and arteries of the human body. 

33, —The system existed in considerable perfection wbeit the province aame under 

fhe British rule, and is a proof of the attention bestowed on irrigation by the Native 
Princes, and of the possession by the inhabitants of much experience and pr%o- 
tical knowledge of the principles and laws for mana^ng and conducUng running 
water,—all that bu since been done, has been to improve and extend the.same system 
by the application of European science, and to render more abundant and cSrtain tbs 
sources of supply, > 

34, —A sketch of the rivers and channels is now under preparation, which, with 

a memoir on the subject l>y Major Cotton, will be forwarded for tbe purpose of being , 
M^pimitted to the Bengal aiitlioritlcs, as soon u completed. , • 
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MOnKS FOR IRRIGATION. 


JSriwt fruM a UriHirt lAeuUiiiint KEATiNCiE, AtfUioAi to S^periniendent in Nimar, 
dated iJth yforch r¥t/ardh*ff ctrtoiit Kur^ eouttnttted/orpurpouH 0/ Irriya^ 
iioH in ttie rifinity 0/ MHfidtiii 9 ir. 

3 rij.—As rff^nrda the map und tU eccompenyiug fecUons,* 1 have only to remark 
that the dotted lines in the Mundluair tAitk indicate the course! of the Cboolie and 
Cliuprce nullahi, beture the biindatvcre ralai d ; and thatiu the weir acctiouf» the eliade 
of Indian ink 11 to repreiriit the iiei^ht of Gie ihucet which pierce them. TJic dull 
green, repreeenta the irrigation that has always been carried on; the bright, that which 
is coiise<|uent on the im]iroveinents detailed below. 

dth.^Tdl I he year IHdj, the CbooUe tank was only the aiie indicated in tlie inner 
line on the ma]i, $0 that aft^r iicavy showers, it often orertlowed into the nullah, the 
Hater running off unused to the Nerhudda. 

5th.—In good yeaiv, tbo Muiidlauiir cultivators raised an earthen bund» at A, m 
the map; and irrigated with tlic aid of wells, tlic part market as dull green, It 
appeared to Captain French that a bund of oiasoury could with great profit be erected 
at tliat place i and in August IH-lo he commenced it. When however he louhd that 
Choolie held so little, he caused the old Choolie dam also to be rejuired, leaving at 
the same time a sluice, to let tba water off to the lowest level to which the people of 
the place ever drained iti It non takes tcry heavy and coiituiucd rain to Hood 
Choolie tink. 

()th.—In July IB 16, during heavy mins, the water in the Oioohc nullali, above 
the bund, rose to such a hei^cht tln;t it overHowed its banks, and began cutUrig its 
way into the CUu[ircv nidlab. f'aptaiii Freueb. accompanied by all the working 
population of MumllxUir,* proceeded to the spot, and for some time made vigorous 
exertions to stay its psogreas, by the erection of an cartJicn bund. But tbo water 
having once got its way, was nol during tl:at fresh to be restrained by any efforts of 
theirs i and on its subsidence, left a wide deep cut, joining the two slreuntB. (Seo 
dotted lines, map.) 

7th.«^ Tbo bund at A. was thus Uolalinl, and it became apparent, thotuTilcsa 
this fresh channel was in some way stopped, nol only would the new masonry bund 
stand useless buttlic irrigaiion that had hitherto becu carried on, would be rendered 
uidcHslble. 

8 lb.—Aftora cartful tso mi nation, ('aptain French selected a spot, B., in the 
Clniprco nullah; and then*, in .August 181G, rabed a large solid earthen embankment* 
The two streams, thus dammed up, form the hlundlabir tank. 

9tli.-r^* D.—a portion of the rood from Mtnidlaisir to Choolie and Mhow,—> 
always bad and swaripy, bccajiic abscdutely Impassable when the water rose in the 
MundlaUir tank, and it was found that the usual pas.sage of the Cboolie nullah, just 
below weir No. 1, became so deep as to be jmpa«$able to laden cattle. Under these 
circumstances, Licutenart £tans, then Bhcel Agent, Cook some cross levels on the 
tank, and it was found, that by raising the masonry bund, at A., 3 feet (sec section;) 
and making a straight raised road, iS-. 1)., the tank could be nimle to contain more 
than doable its former measure of water. No. 1, which then only consisted 

of the portion X, (section,) hwl a causeway of stones and rubbish, piled iu the upper 
side, supported by a slight reietment, Y., over which the water Hows during tbo 

* VitU Ap|x»iidix. 
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perlo<lical floodi, leaving an ankle-(le«p ford passable under all circumstances. Tbeie 
improvements were carried out during tbe rains of 1647. 

10th.—I have nut thou^t it necessary to mention sepanitely the time each of 
the intervening weirs was constructed. They were built at different periods, wlien 
prisoners coiifd be employed with advantege. and other local circumstances made 
it convenient. 

11tb.—Til ere remains now. 1 believe, but to show the manner of using these 
weirs. At the beginning of the rains, the sluice at Choolle being closed, and those of 
the intervening weirs open, the first freeiics pats through them, clcanng ont the mud. 
All ore then closed, and the rains soon fill them to overflowing. After the rains, 
when the cells of the irrigation canal begin to empty the MundlaisLr tank, a fresh 
supply is let off from Chooiie; and should that fail, the w^r sluices can also be opened. 
The tank is tlius several times replenished. 

Owing to the heavy mins that fell late this season, tt^ Utter supply has not been 
called into pUy, and these pools of water have L^n left for the use of cattle, and for 
general figriciiltnrnl purposes. 

It would perhaps be necessary to state that these works, so near the Agcncyhead- 
i^uartcni, have not been quite neglected as to np]ieamuce i some masonry drains having 
been built, hundreds of trees planted,^and a jiaviUon nused on the bund (see section 
on the Choolle and C'luipree nullahs) by a suhseription amongst the natives of 
the town. 

In concluding this account of the iinproremeuts near Mundlaisir, it would, 1 
eon aider, he unfiur not to mention in connection with them, the name ofDeerij Dim, 
jemadar of the Nimar police corps. This itideOiiigahlc old man has worked at them 
from the heginiihig, not ns a mere duty, but with all his heart and soul, m*<king them 
rhe occupation ofliii lilvi and with him many new propositions oHginatr l. 
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IRRIGATION OF TUBRAl LANDS. 


hy Captain W. Jones, £nyi>t€er, on kUfirtt operaiiong/ot' improtiny irfigaiion 

within the Turrai lan40 of ^ak Bareilly^ to J. Thornton, Secrttory to 

Govtrnm^, North JTeitern^^ooinett, Jgra, doted Ut Aygwt 1847, 

8iVi 

I hsfe ths honor to forward the following acronni, of what may be 'moflt 
^ppropmttly tenned, the completion of the commencemeDt of my operations, for the 
better management of the irrigrtion of the Turrai pe^nnalve, of the diatriet of 
Bareilly. 

2 . —To enable me to csplmn myiclf clearly, and without diffuacneie, it will be 
necessary for me to refer to my report, dated the 27th A])ril 1843, (vuU page 105 of 
the '^documenta relating tc tbeKobilciiiul CAnala,**) printed by order of Government. 
In that report, I endeavored to present a liHcf statement of the lamentable and increas* 
ing deterioration of the Torrai peigunnahs, selecting Rooduqioor, Gudderpoor, and 
ChowDiilah. I proposed measures, the carrying out of which would in all probAbilily 
tend to increase their cultivation, and diminish the so fatal malaria; and 1 recom¬ 
mended a general system of superintendence, to economise the water, and extend its 
benedti. Rough estimalei were subruittol for damniing up the river Kitcha, on tUo 
borders of Chowmilali; for rendering available the Kylaa in Kiljtoorcc ; for draiiiiug 
an extensive swamp near Museet, in Gudderpoor; and for TvStoriug the river Shore to 
its natural and original cUaimch and rendering it available for irrigation. 

3. -^^ith the exception of dauiining up the Kylas. the waters of which river 
ahrink to a very small volume, during the mouths of April and May, all these projcciA 
have been carried out, along witli several others to be mentioned hcreiiftcr. Mony 
square miles of morass have liceu drained ; uaters have been rendered available for 
irrigation, that were formerly wasted m{>e«tiicrous swamps; ciiHitatioii lias consider¬ 
ably increased ; and 1 begir. to hope, that the jircimiHes X held ou. arc not altogether 
visionary. 

4. —Id the early part of the year 1844, I cnteml the Turrai, uitli instructions 
from Government to commence, without delay, such projects as I thought must 
advisable to be undertaken at once. 1 »‘as ilialinctly made to understand by his 
Honor the Lieutenant-Governor, North Western Provinces, that my operations were 
not set on foot with a view to any dirset pecuniary profit to the Government; that the 
benefit, the health and the comfort of the people, were the greot objects I bad to 
bear In mind ; that 1 was to act os their counsel lor and friend in all cases of difficulty 
connected with irrigation 5 that 1 was to make pecuniary advances for the construc¬ 
tion of c; 4 nal 8 or dams, on the most favorable terms for them consistent with security, 
whenever 1 thought it to their advantage; to aettle their disputes on the spot, 
without forcing them to have recourse to distant Courts of Justice : and to study, to 
the best of my abilities, the improvement of Uiw condition. Every assistance that 
1 could reasonably expect, or wish for, was put at my disposal; and the natural diffi- 
eul^ei of the country, added to ai^ imporerisbed and unene^iic population, were 
the sole ohitaclei J had to contend with. 

5. —The accompanying map* shews the pergulinahs of Gudderpoor, Roodurpoor, 
Kilpooree, Cliowmilali and ^fclia. I have compiled it from the books of tlie 

* A|*|>cu'lii. 
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Survej, and although I cannot bout of the corrcctDfss of my datS) tliey are 
perhaps sulKciently accurate for a sketch of the scene ofuiy operations. The two lut* 
mentioned pei^nnahs, being open and cultirated. are probably as well mapped as anj* 
other part of the district surveyed by Captain )V Brown. The incorrectness of the 
rerauning part of the map is to me, lioweveK more than problematical; for knowing 
the country u I do, recollecting my own feelings of forlonineu and hopelessness, 
when I drst found myself in a wildemeu of waving grass, liigher thA my howdali, 
and knowing the extreme difficulty, even when on the spot, of ]>rocurijig correct 
information regarding the course or uamo of the Jeep muddy mi Halts which intersect 
the country in every direction, and render it next to ^mpassable without a good guide, 

1 can scarcely wonder that the assUtaiit surveyors were somewhat daunted by the 
diilicuUiea of their tuk, and siijipUed many of the hiatuses in their work from thrir 
imagination. 

G.—'Tlie Bhaubur, or forest tract, 1 have not attemp^d to represent, as well on 
account of the absence of <lata wherewitb tocompile ncoiMR*cted map, as, because 1 do 
not altacli any great importance to it, ss far u irrigntlon U roiicerned. We gene¬ 
rally find tbatthehill people arcinposKiHion of tbccounlry on each side of the rivers 
immediately at their debouchure from the mountains, and what little water escapes 
from their rude darns, is S|)oeUily absorbed inMhc broad ahingly bi^l 'through which 
these rivers hold their course. The tracts thus irrigated arc by no ineaiis 1arg<', as 
partly owing to bad management, and ]>arlly to the nntun* of tlie soil, one cubic 
Inot of* water only sufHccs to Irrigate hJty acres of land. U is doubtless possible, 
by attention and superintendence, to eronoiniso the wnliT; and to render the land 
more productive, by substituting tobacco or other vaUtuhle stajdes, in lieu *jf exclu¬ 
sive cerial grains. The lower part of the Turrai, howcvi^r, olfcrs so much n ore lavor- 
able a Geld for itnprovemeut, that I do not advocate, for the^irmiit, any i acrferenco 
with these little oasiscs. 

7.-~With tlie exception of these small |»atehcs, the country^from :li4* foot of tlio 
liilU, to from \i to 12 miles below them, consists of large aiiassei of *brest, mfermiii' 
gled with occasional prairies of lilgh grass. The rich and abundant > getatiou, 1ms led 
many to imagine this to be a most fruitful region ; and nut h few, cveu of those who 
have experienced the pleasures and itrivationsofaforest life, Jinrr been misled, by the 
fair outside, to suppose that an agricultural AV iJortKio lies hidden beneath it, ready 
to i)our forth iu treasures on the first adventurer wlio should dare to seek them. 

* 8.^Nevcr was there a greater mistake. The soil of the forest eonsiits of a thin 
superstratum of rich vegetable mould, ou a sidrsoil of shingle ; not a well or spring is 
to be found in it; all attempts to find water even at a depth of 3U0 feet have foiled, 
and nature seems to have opjiosed an insuj>prab|v bar to the improvement of this pari 
of tlie country i the Umber with which it chiefly abounds, the lluldoo ^tavcfva 
obtun/olia )—fair to the eye, and beautiful in its projiorUon.s,—jswilterly worthless to 
the carpenter or builder; and, save the Catechu tliat grows on the banka of the U^r« 
rivers, and the small Sissoo trees that are found in the islands that are formed in their 

brood and tortuous beds, there is scarcely a tree in the forest, ^at is worth the 
trouble of cutting. ^ * 

9...The Saul forests I except, of conrse i but iu their case again most erroneous 
ideu appear to be prevalent, regarding their value and position. The Saul wood that 
grows in the plains becomes almost invariably rotten at tfll core, previous to arriving 
at maturity ; and all the timber now brought* to Benconlee or Pillibhe^, (the two 

* AB that k out ia our Territerj. 
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greftt timber mart! of eastern RobilconJ,) \$ cot nther Immediatelj ai the foot of 
the bills, or more generally on some small eminence. There are many strips of 6aal 
forest extending for some miles into the plains, bat 1 repeat, as timber, they are 
Worthless; and nature seems thus to bare warned us sgainst the experiment (that 1 
liave heard proposed) of naking the forest uiefal, by planting Saul wood in it, to 
ensure a future supply for our gun carriage depdt, as well as for general use. 

10. —Abcjt the tenoination of the forest, we find springs arising to the surface 
of the ground, which increasing and uniting in their progress, form the numerous 
streams that intersect the Turrai. This part of the country is inhabited by tribe of 
men called Booksahs,* whose chief cbsncteristici are, diiincUnation to labor; fond* 
ness for the flesh of game, particularly wild hogs; and a wonderful immunity from 
the effects of malaria. Tlicy take advantage of the facilities they command for irrigi- 
lion, to grow the little grain required for their own consumption and for the payment 
of their assessment, whirh is generally Utile more than nominal (from five to twenty 
rupees per village,) and tl\ quantity of water wasted and swamps formed, to enable 
them to do this, in almost incredible. 

11. —Here we hare the bot*beJ of fever and malaria } it is next to certain death 
to any but a Booksah, to sleep in this part of the Turrai during several months of 
the year; and 1 am, and always )iavc been of opinion, that the effect of the exbala* 
tions from these sjiots extends for several miles north and south, and that the 
rerooral of them would tend materially to diminish, not the common intermittent ferer 
indigenous to all rice*growjiig countries, hut that p^uliar form of remittent, known 
as Turrai fever,^thc most fatal type the disease can assume. 1 have previou.sly, in 
my printed report before nicntronerl, hronght to notic'e the deadly nature of this part 
of the Turrai, and I am still of oj»inion that the system of dramage originated by Mr. 
Elkingtoii, might he applied here with great probability of success, anO at a very mode* 
rate cost. The plan 1 propose ^ould be, to open a trench a short distance above, 
where the springs nrv seen to oorc out from the ground, ond lo Icei off the water 
thus collected, by small cpti into larger main w a ter* courses, or even into th'' beds of 
existing rivers. It might be necessary to aid the ingress of water to tlie trench, by 
frequent borings along its iHittomtothedepthof a ftv.* feet. The d min age would then 
be complete, and when the cxperimrnf has Iwvu once tried, its great success will, if i 
am not mistaken, lead to its general adoption. 

12. —Below this line of springs, we meet the Pergnnnnbs of the Turrai, belong* 
ing to the plmns. Of these, Gudderpuor, Boodiirpoor and Kilpooree, are held fh 
farm by Sheoraj Sing, a descendant from the old Chund^dpiosty Zlajafas of Kumnon. 
His father, Gomaun Sing, dying wliile he was yet a minor, the property fell into the 
fostering hand of the C'ourt of Wards, and during that period it prospered. Since he 
arrived at his majority and took the reins into his own hand, things have not got on 
nearly so well, and notwithstanding the kindness that he experienced at the hands of 
the late Mr. Conolly, as well as those of Mr. Pidcock, considerable deterioration has 

taken place in the estates ; and so far from being in a condition to adTance the capi« 

tal required for the improvement of his property, several years of economy and good 
management arAeeded to freq him from the grasp of the mouey-lendersi into whose 
hands ha has fallen. This is much to he regretted. I have rarely, nay,'never met a 
native gentleman of more amiable chamter or more polished manners, and 1 feel 
convinced that it is pecuntgry embarrassment alone, that prevents him from eo^pe- 
vating with me, with more energy than he has hitherto shewn. 

* Mr. TWtteoi in UU few on the lb)htku&4 Tarrw, calls Ibaea a fickle and unthvifty race. 
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Id.'-Another difficulty to contend witliin tboie Turrai Per^nnahs U that, 
owing to their inaalabrity. it U extremely difficult to get reepecUble managera or 
karindas. as they are called^ to reside there. The Fathana, probably owing to their * 
auluul diet, thrive well enough. The JUjab, however, has a feud of long-standing 
with them, and is thua deprived of their eervicee. The deljgatc frame of (he ghee-fed 
high caaCe Hindoo, ia atterly niiable to withstaiid tlic repeated attacks of lever and 
ague, and the unhappy ryou are thus left to the teudvr uercie* uf dsjiiikeu extor« 
tionato Kaeta. The revenue ia collected by '* Bliutty” as it ia called, (be produce 
of the fielda being gathered up iuto hca^, and tlie fAviiuku taking one-hfth in his 
niailer'a name. The great power of extortion in the karinda lies In Ins delaying to 
ex Amine the heaped up grain, at exposure to wee caulba it to germinate and dee troy i 
it. 1 myaclf saw in aeveral villages at the end of Ia»i February, the hcapa ol'rlcc cut 
in October, still unapportioucil, oud half mined l>y the heavy rain that feW in Feb* 
riiary. A handsome douceur to the karludu would jirobably have ensured au earlier 
visit. I could but feel and express my regret at m} inubili.y to punish the offender. 

M.—Pergunnah Chowniilah was a highly cullivatcil our, and prospered exceed* 
higly during the time that Mr. Poulderson was (lolivctor. The vilUgci fell into the 
hands of men of capital, and he, Mr. Boiildcrson, aiiiumlly siipcriuCeniled the con* 
itruction of a dam serosa the river Kitclia, at Kvromnee, some four miles above the 
work 1 have conitrurted. which afforded abundant irrigation to the rice and Ugwn 
crops. * The annual disruption of a loiXy earthen tlau however has a violent effect 
0 {i*thc bed and bauks of the river. Mr. Bemldcrson’s dam became gradually so diltl* 
cult to construct, that it was abandoned, and Mr. ('Urke*s attempts *10 rc*build U, or 
to construct one some miles lower down near Chi lorn having entirely lailcil. the cul¬ 
tivation soon began to fnll off. and the Fv^iuiiah wouht Imve been long ere tikis 
entirely ruined, had not. os I before mentioned, the gr<*aU*rpart of (be vill.^es fallcik 
into thedkonds of men of substailce, wbo were able to bear witli their 


13.—llitcha is a fruitful and well*cuUivaU>l Fergunnali. lb is inlcrr voted how* 
ever vrith^uch a labyr^th of deep and muvrly nnuseil wAter-eonrses. to be next to 
impracticahlc for ordinary carriage, and the difficiiby of (he irrigatiru iv by the aamc 
cause greatly increased. The principal dams In this rcrguiiiiali arc in the liandsof 
a low powerful scineeridara. The abuses, consenuent on condding the interests of tbo 
many to the liands of so few. will hv adverted to in a sikbsiH|Mi*kie p.irt of this report; 
at preseikt 1 shall aay no more than this, that litigation And dbpules connected with 


irrigatiou arc very prevalent, notwiilistondirig tliat redress to the aggrieved, in the 
shape of eompensation for mined cro|>9 ia so tvdions and expensive a process, aa to 
be next to unprocurable to the poor and oppressed minof cemeciidars. 

IC.^^in the early part of the year 1814, 1 Ibund ukyself, as before said, in the 
Turrai, with all oiy work before me. 1 iumeduitely cummenced a cut or cana^ from 
the river Bygool, cloae above tbe village of Uoodurpoor, for the purpose of draining 
the extensive awmnp alluded to tu luy printed report. jMge 112, paragraph 28. The 
accompanying plan and secUoo, No. ‘i,f will show the nature of the work. Tlie 
riier Bygool was originally a small stream, as it now appears in the upper part of 
the plan, 30 feet broad with a maximum supply Jn April of 60 feet |j«r sec<ffid4 
* Bjjwa is a COurM ot nos. nUioh serves henao oAsuopUgo. ead kavo* the Bu»ro velueble 
oraias svailihlo to turn into moncf. 

t AppODUlX. 

I At Uis be^niog of April last, I Couud tbe river lo cooUkn M feet per second i but at thsttutte 
•ome u feet from the J>tadee,aad between 10 tod (A from tho fibmteia, bad been thrown into II 
br Be 
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About 26 ycAri the Itte Navib of lUmpoor dunmed it up tt Uie ipot denoted 
in the drawing, ^ iVeipa^e to be deeireyed/* The mter vu nited'bj this dem 
to R height of above 20 feet, and the advanUge gained bj it was, that the water 
being ruaed to the level of the conn try, the water*couraea required to be only a few 
feet deep, and the work ma conaeqnently well adapted to the rade ayitem of irriga* 
tion generally practiacd in this part of India. 

17. -^Thv disadvantagea were, that, the waters tbua pent up, were thrown back 
nearly to tlie town of Roodurpoor, that inatead of a amall and neatly defined river 
bed, an extensive lake and noisome swamp occupied a considerable extent of ground, 
The high reeds and swamp, sheltered an incredible number of wild pigs and an occa¬ 
sional tiger, in the very heart of the once flourishing town of Roodurpoor; and the 
malaria engendered, vaa so fatal, that the universal testimony of the inhabitants, 
dates the dgstruction of Roodurpoor, from Uie construction of the dam. The swamp 
and lake hare been drmned. 1 have construciedan earthen dam five feet high on 
the river, at the point marked A., at tbe upper extremity of the plan *, and the blue 
line denotes the direction of an excavated canal 20 feet broad at bottom, with a 
slope of 25 inches a mile, which leads off the water of tbe Bhygool Into the Kurrs. 
fiy damming up the Jhirra, at H., I sm still enabled to avail myself of the old water¬ 
courses, and tlie whole of flic eouniry between Roodurpoor and the destroyed dam is 
drained. IV fall to be got over in the canal, in addition to the slope 1 Ksve given 
it, is 14 feet. 1 have managed this by four artificial falls, two of four, and two of 
three feet, each. 

18. —In addition to the drainage of the swamp ant] lake, this little work hss 
greatly improved the communication between Bareilly and Kumaon. The road 
through Roodurpoor and Manpoor, forms onu of the principal lines for the timber 
trade of the Turrai. From the foot of the Hills (HutnoureeJ to Roodurpoor, it was 
originally constructed, and Is annually repaired, at the expense of the State; ihat part 
however between Roodurpoor and Manpoor, was in a most wretched condition; U 
(roised the Bhygool twic/ within a few miles, and was intersec«ed by some such trou¬ 
blesome pieces of marshy soil, that it frequently took two days fur a Inrlcn hackery to 
get over this short distance, and about eight per cent, atiditional eost of transport 
was added to all the timlwr brought down that n»ad. A reference to the plan will 
show the alterations effected. The )lh\guol has liecii entirely avoided; the canal is 
croMcd by a subsUntial bridge; the earth excavated from the canal, has been formed 
into a good raised road; the distance hu been shortened by one^flRh; and the present 
road may be now travelled, even by a loaded hackery, in two hours, in lieu of two 
days. 

19. —The total cost of this work has been Rs. 7,633-4^. of which Ei. 6,000 
have Vsen paid by the Nawab of Bampoor, for whose benefit principally it was con- 
Stractedj Ba 1,000 have been paid by tbe District Boad Fund, and the balance, 
Ba 633-4-8,1 have for the present cha^ to a grant of Ra 2,000, that wm mad© to 
me by the Government to enabir me to commence operations. I shall require some 
finds to muntain the annual repairs, but I trust that the Naw.b of Bampoor will 
find It to hit own interest to keep the work in good order, and will aid me accordingly. 

I shall rodeavour on my neat visit to Bampoor, to persuade Hit Highness the Nawab 
to allow me to construct for him a vertical taw mill, on one of the falls on tliis canal, 
to be worked with a turbine; in which case Roodurpoor might be made a verr coii?,. 
nient drp6t for the Bareilly timber merchants. '' 
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20. —The .Irmimng of a large swamp near the viUage of Miisioer. in the Pergnn- 
nab of Gndderpoor, had been particiiUrljr rcconimenUed to mv attention by the late 
Mr. Conolly, and haring set the Iloodurpoor work in trainof progress, I went to the* 
place. A careful rxaminalion of the ground sbowc<l me that the river Bbore Iiad for- 
inerly been tributary to the Nahnl, falling into it near the railage of Slulpoora. Nund- 
rara, the enterprising manager of tlie district, many years ago, dammed up the rtrer 
near Beriah. and brought the waters down, tlirougli .Mnsaect, to irrigate the southern 
portion of Gudderpoor betveeu tlic Dulska and Nahnl rivtn. 

21. —Tlie nidd^n change of alope, from th« original Ucd of therircr to Nnndriun'a 

oanal, caused a great deposit of tilt during floods, and tlic M of the canal being only 
30 feet broad, wliiUt that of the rirer was JIO feet, it follrjwed that after lienry raina, 
the water spread over the country, and that in the roiirte of time a swamp vras formed; 
which in was screral square miles in extents corered with higli grass, infested 
with tigers, and wild pigs iimumerahle; the soil was treacherous and in many places 
impracticable for an elephant; whilst the malaria engendered in it, tended in no small 
degree to the depopulation of the IVrgutmah. The simplest remedy appeared to be, 
to cut Kundram's darn, and to allow the Ithore to become, as it was before, tributary 
to the Nshul. The irrigation of the villages, thus deprived of water, 1 proposed to 
efTect, Uy damming up the river Ubiikka near Umnrea. This plan has been earned 
out, the swamp is almost entirely drained, and the dam on the ])liukka is built. The 
only inconveniences attending thU arrangemctil are. First that a new distribu- 
i'lfin of4hc waters of the Nahul (now increaaedby the llUore) becomes necessary; and 
Sfcondltff that the lUjaU of Casheepoor, or rather liia karindahs, liave not behaved 
very fairly (with regard to the Dhukka) to their old enemies tlic Puthani. lilotli 
these diflicuUies will lie, 1 irnst, overcome; the llajali will doubtless listen to reason 
in due time, whilst with re^rd to the Biiore, I propose takiiy; from the Nahiii, some 
three miles above its junction with the Dbore, as innoh water as X have now thrown 
into it, and by this means alTordmg irrigation to that part of Ouddurp^r, between 
the Nalwl and Saingnee, now very insufficiency irrigated. ^The mency expended by 
me on these works, (the dam on the Dbukka and a cut to lead Uic Hhore into its 
original channel) lias been iU. of which sum, Us. 39H, it in train of liquida¬ 
tion, and the halnncc, Ba. has been for the present charged ogainst the origi¬ 

nal advance of Bs. 2,000. 

22. —A dam scroas the river KUelis, intended for the irrigation principally of 
Cltowmilah and Bitcha, had abo been recommended to my attention by the late Mr. 
Conolly, as well as by Mr. Williams, the Collector; and with the usbtance of Mr. 
Volk, a German gentleman of considerable acquirements, whom Ilia Honor the Lieuie- 
jiant-Govenmr had sent to me on trial, 1 soon procured surveys of the river and cir¬ 
cumjacent ground, with secUons and lines of levels, to enable me to devise some plan 
of encountering the difficulties opposed by this formidilile stream# The river Kitcha 
debouches from Uie mountains at Bumowree by the Almorah road. It is tlie reci- ^ 
pient of tlie floods from Naince Tal, Mulwa Tal and Bheem Tal; and forms one of 
the principal lines of drainage to Uic lower II imabya, between the KosllU on the west, 
and Deoba on the east, when the rains on the mounuins have beeu sufficiently vio¬ 
lent to cause the lakes to overflow considerably. Floods come down this river, I 
know, 14 feet, and it is soid 17 feet deep; large trees ore borne along with them: and 
experience has taught me, that any dam consUucted of sufficient strength to with¬ 
stand the torrent, would in a short time be rendered nseless, by the river leaving it, 
following anotiicr course, and probably leaving the canal bead high and diy. 
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23.—During the dry months the TOlame of voter it the site of mj dnm netri^ 
^opposite the tllUge KUchs. it shout 120 feet per second: this would suffice to irri^U 
i)0»000 bcegshs oflsnd under eren tolersbie msnsgment; snd,flowing se the river 
does through s rice-growing countr/^ its sgricuUursI proaperitj entirely dependent on 
iHiflcisl irrlgstionj the tefceend sri in the neighboiirhoodnstiirsllj enough took no smsll 
interest in the success of taj project, snd willingly entered into sgresSients to psj 
their portion of the expenses, rstesbly to the qusntity oflsnd irrigsted. 1 soon found 
thst xny origins! pUn of buildlDg s msionry dsm with piers snd gstei st E, (mJg 
piste No. 3,) would not sntwerj is, letting slone other considorslioni, M hsnks were 
so high, tbst unless 1 wsi prspsred to expend some 25,000 rupees in esrth-work, 
1 should have been forced to carry the piers to s height of 12 feet. Mr. Volk then sag- 
gevted building s dsm of piles and timber st B, (piste No. $,) cutting through the high 
Vsok, A, B, to the nullsh st A, sod clearing out the nullah from A to 0, where an old 
water-course, the remnont of Mr. Clarke’s work, would, when cleared out snd enlarged, 
answer for the continustiou of the csnnsl. It being necessary to deepen the bed of 
the nullsh st A, an earthen dsm was built across the river, immedistely above it, and 
au escape opened to the rirer to prevent too much water lodging behind it. The 
entrance of the deep cutting at B, was protected by an earthen dam, with sluices under* 
neath It, of timber and piles, it not having been found potiible to get brii^ ready in 
time to face U with masonry. 

2 d.-^The work answered its purpose very well, in so fsr thstitmQbrded irrigation 
.to 139 villages, and brought a great influx of ploughs and cultivators to mstiyvilla^s 
that had previously been rapid|y deteriorating. I may cite as an example, the village 
Amdand^ in Chowmilah, the first on the line of irrigation. It is ssseibad at 1,500 
rupees, and has for many years been s heavy lost to the proprietor, a remeendar pos¬ 
sessing very la^e estatce. The number of ploughs in it, in December 1845, were 40^ 
by May 1646, the number of ploughs had increased to 110; and during the last year 
the village yielded a^andsome surplus, after having f>aid its revenue. Many of the 
villages in Chowmilah weve in a similar condition with Amdand^h; indeed there were 
few which their owners would not have been glad to part with, previous to the canal 
being opened. That a considerable change In the value oflsnd has taken place, msy 
be supposed from the fact, that an agent of Nawab Malik Kban of Rampoor, was last 
cold seoson sent to Chowmilali with orders to piirchsse villages to the amount of alae 
of rupees, but could find no one willing to sell. 

25.—The heavy floods of July 1816, rising higher than they had been known to 
do for upwards of 30 years, caused sad bavock among my works. The dam at A 
(plate 3) in the nullah, was overtopped and destroyed, u was the sluice at B, (plate 3,) 
and the river, rushing into the artificial channel or eaual, filled up the bed with sand, 

5 feet^cep at its head, and duninishing gradually down to 0, (plate 3,) where 1 had 
constructed another escape, to prevent the flood, in case of such an accident as occur¬ 
red, from injuring the country. As soon u the season permitted me to re*visit my 
works. 1 proceeded to the scene of destruction, in company with Enilgn Owen, 19tb 
K. X, whom His Honor the licutensnbGovernor, N. W. P., bad been pleased to 
appoint as my assistant,—Mr. Vedk having been removed to the Ganges Canal. I lost 
no time in clearing out the canal; re-buildiog In a stronger form, the earthen dam in 
the nullah; enlarging the escape behind it towards the river; making a second escape 
round the dam; building a new sluice gate faced with masonry; and protecting the 
banks of the river, near the canal head, by weirs of very stout hurdles, bound toge¬ 
ther in a net work by piles 16 and 18 feet in the ground. Plates 5 and 6 are 
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deseripliveof the works in their present condition. No. 5 b ft general plnn. E> F, u ftn 
cftTlhen diun. ftcross the river, 6 feet high, end rather lower at the centre than ftt the 
extrcmiiiee. Tlue b destroyed by the first flood tliat comet down from the mountaine^ 
and the river pneting on undUturbed in iU ntiul channel, 1 lifve lets retton to frar any 
change of couiie. G, it the canal ilnice gate, for apian and section of which (eide plates 
7 and 8); H, E,and M, are weira of bardld to prevent the stream on the^ack waters 
from catting down the banks and turning the sluice gate. A, it the dam acroit tb« 
nullah, to keep the flooda from entering tlie canal, and B, it the second escape to 
prevent the dam from being overtopped, in case the firs^C, D, should not suffice. Plates 
Nos. 7 and 8 arc plan and section of the sluice gate. W, W, W, W, shew the position 
and foundations of the aluice erected hy Mr. Volk. By unhooking the gates N. N, 
{vide section,) the canal becomes immediately closed, not to be opened tgain, until all 
danger from floods iball Lave ceased. My original^estimate of 1845, was Ils. 15,67U, 
and tbs total expenses up to the lit May 1847 have amounted toRs. 15|31702-7. 

now becomes a question, bow the State shall be repaid this advance; how 
Che annual repairs of the canal shall be executed; and how the irrigation shall be 
managed? 

27. —Tlie work miyAf be made over to the semcendart who receive water from it, 
on their paying the Rs. 15,fil7-l2-7, togetiier with a small cess, sufficient to cover 
the cost of annual repairs; or it mijfht bo made a Governroent work, and a rate be col¬ 
lected by me, from the irrigated lands, sutHtient to pay 10 per cent, on the prime 
cost, and cover the amount of annual repairs, and the cost of collection. The volume 
of water flowing in the canal, 120 eabic feet of water, a second, would, ccordlng to 
Major Caulle/s dsu, suffice for the irrigation of 42,000 beegahs of Urn . Supposing 
it, however, to happen that on an average number of yean pnly one^half that quaih 
tity. o?*21,000 bcegahs, were watered; then, by charging three anuas a pucka bee^b, 
the sum claimed, whenever rent U charged ip liohileund, I shevhl clear close upon 
4,000 Rb.; and allow^g Rs. 1,500 to go to the interest account, a should have 2,500 
rupees left for annual repairs; and the cost of collection. 

28. —With regard to the collections on this, or any other canal in Rohilcund, 
some little knowledge of the subject, and a great deal of attention to it, have convinced 
me that a separate canal estabUshment Is in every way undeairabU. and that the 
duties of detail, connected with Irrigation, should be managed by the tubscelee officers, 
llio tuhsceldar should receive a per«centage on tbe collections, equal in amount to a 
salary of between 50 and 100 Rs. a month, over and above his regular pay; and an 
addition to the ordinary tuhseelee establishment, to tbe extent of 500 rupees per 
annum, would fully cover the cost of retUsing Che collections under the tu^ecldsr. 
Thus taking my hypothesis of a revenue of 4,000 rupees to be correct. 

25 per cent^Rs. 1,000 cost of collection. 

S7| ditto •Rs. 1,500 annual repmrs. ^ 

37k •Bj. 1,500 interest on the oripnal outlay—Rs. 15,000—ofioiif. 

S9t —This, be it remarked, is supposing the rate of irrigation or water rent be 
so low as one anna per kutchabeegah. In fixing this supposititious rate, I have by 
no means followed my own iuclination or opinion.* In the Ssharunpoor district, 
tbe excess of produce of wheat on irrigated, over nnirrigated land, is 554 ft per acre» 
the value of which, at 50 D> per rupee, is more than 9 rupees. I have no exact data 
in Rohilcund: but, alio wig the proportion to be somewhat similar, a wafgr rate of 
five anou per acre seems inordinately low. In rice land, the advantages ofirrigation 

s 

* Tide ^utiav :^Tbe oalr ftatUUoal details oi^ tbe subjeot that I 

2 V. 
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GM mn more relueUe. The ercnge produce per imperul acre If about 1»67$ ft 
whilst lut jear, owing to the rerj abundant rain, equiralent to as much water as is 
required, the produce was, on an average, In the Rohilcund Torru. no less than 3.125 ft 
per acre. In some instances, where the soil was extraordinarily good, and water 
alwsys available, llte produce has bceu so high as 4,625ft * per acre; the rcauU of 
which an>pr« crop wes, that 1 myself met cattle laden with rice returning from the 
Pillibheet market> the owners not having sold their grain, because they could not find 
purchasers bat at 120 ft for the rupee. Were 1 to be called upon to fix an arbitrary 
rate (for'arbitrary it must be) f. ahoald say let it be 10 annas an acre; not that this 
la the actual valne of the water, or nearly so: but by fixing that rate, 1 should be 
dealing tenderly with the aemeendars, and 1 should secure a sufficient return on the 
works I have at present on hand, to pay 10 per cent, on the Govemraent outlay, to 
defray the cost of collections anj annual repairs, to coter the amount of my own 
salary, and wbaterer surplus remained should he credited to the aemeendars, either in 
remissions, or in the building bridges and corn mills, or making other improvements, 
eon/tec iod wit A iAe conol, for tbeir sole benefit. 

30. ~To carry out this plan effectively there is one absolute requisite; namely, 
the most perfect understanding between the Collector and Magistrate, and the officer 
in charge of the canal. The former would naturally feel ilbdispoied to allow an 
iMperiwffi in imperio, or to permit any one in whom be had not the most perfect 
confidence, to issue orders to his tuhsccldar; whilst the latter would find it no easy 
task to enforce obedience and attentioo, from an establishment, over which he could 
have but Utile direct authority, unleu most strongly supported by the officer 
poiseuing that authority. In tliii rupect, I am indeed fortunate. * 1 believe that 
the Collector of Bareilly, Mr. WilUams, feels tlioroughly ture, that 1 would never 
issue an order to one of his subordinates, that I did not firmly believe would meet 
with his approval; afid the support an^ usistance ho has invariably given me, render 
my orders as effectual, u if they wvre given to men who looked to me a«ono for 
patronage or punishment. 

31. ^1 slioiild not omit to observe, that instead of the vexatious plan of enforc* 
ing fines for trespass on the canal banks, &c. &c., (although on such works as the 
Dooab Canal, 1 allow it to be absolutely necessary,) 1 would make each village res* 
ponsible for the state of t!ic canal banks within its own boundaries; cattle should 
be allowed a ghat to drink at, without charge, within each village boundary; and 
lastly, each village, not having a bridge within a very short distance, should be 
allowed a ghat for cattle and hackenes to cross. 

32. —1 would suggest for the better management of ibis work, that the provisions 
of Act VII. of 1845 bo made applicable to it* 

33. —In giving this rough outline of my proposed plan of conducting the Kiteba 
. Canal, 1 should not omit to state, that 1 am desirous of introducing the same system 

generally on all cmials in Rohilcund, constructed by, or the annual repairs of which 
are .effected through, my agency. The river Bhora, containing nearly a similar 
voluoie of water with the Ritcba, but not like it atftcted seriously by floods from 
the mountains, flows less than a mile to the eastward of it. This river 1 dammed 
up last year with a common earthen dam, the assistance, and at the expense of 
the Uoosunte Begum, a la^ landed proprietress. She has, through her agents, 
entreated ..me to take the work entirely under my own management, agreeing to 
advance the sum necessary for annual repairs, if I would engage to repay it out of 

e The svsrifa prduaoo of ries par acre in or^aarr rsars, in Bohilcund out of the Tumi, mar bo 
mUenatsd al ^ »0 ft j tbs hiihsst l.qra ft. 
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the collections. A few miles cut, the river Bhjgool,* o( ehoat equal Jimensioot* 
has been dammed up hj the same partj, and in a similar manner with the Dhora, 
though intli less usistance from me personally: this dam is nov the subject of most 
fierce contentions. 1 have been entreated in an ar/ee, to Aakc the matter entirelj 
in mj own Lands* as the only way to pub a stop to the litigation. West of the 
Kitcha again, tlie Paha river, considerably smaller than the other Jferee 1 bare 
mentioned, is the subject of constant disputes, and a large proportion of the semeen* 
dan have entreated me to take it under my own management. Thus, within a 
.space of Ires than 10 miles, four streams con Lain iiig^a Tolume of water nearly equal 
to the Dooab Canal, are now available for the irrigation of Chowmilah, Kitcha and 
the lower Pcrgunnalis; and the benefit of tbis abundant supply will be in a gr^t 
measure frustrated, unless some regular system of distribution and general mana^* 
ment be effected. 

34. —The state of tbe irrigation, In the plrt of the country through which 
these water-courses are being led, it most lamentable, llie country is intersected 
with a perfect labyrintJi of old canals no longer made use of; or for tbe most part, 
they are generally drya heavy shower of rain, however, fills them to the brim, 
and renders the country almost impassable for travellers, and entirely so for all 
wheeled carriages. No regulations or enactments having ever been passed, 
regarding tbo distribution of water for irrigation, or the relative position of the 
occupAnts of the banks of rivers aud tlieir neighbours, there exists a perpetual 
stru^le between them; tbe latter endeavouring to obtain water on the euiHt 
terms, and the former too frequently taking advantage of their portion to exercise 
oppression, and gratily ill feelings. On examining the jummabundco. It will in no 
case be found that a village is assessed higher than others, on account of its haring 
a damVross a river within its limits; and t come to the conclusion, therefore, that 
it was not intended, that a dam should become a source of rcwui'e fo the occupant. 
Generally, wc find i^simply stated that a dam shall be built a< a certain spot, and 
that certain villages enumerated shall receive water from it, n>id they are assessed 
accordingly as irrit;aied. The right of villages tliiis asses7ed to receive water, 
n]»pears to me to be equally if not better founded, than that of the occupant of the 
dam to hold control over the water, whether for good or bad ends. The right of 
the former is paid for annually, in the shape of the difference of assessment between 
irrigatctl and unirrigated lands; and tbe Government is surely bound to uphold and 
maintain it, whilst wliatever right the latter may be conceived to possess, can only 
be by sufferance, or prescription. 

35. —Under any circumstances, the occupant of a dam must naturally have 
considerable influence; and villages possessing this advantage are in consequence 
eagerly sought for by, and generally found in, the^iond of map of wealth, who but 
too often exercise that influence, to the injury nther than the benefit of those around 
and dependent on them. By far the greater number of urree# that I receive at* 
certrin periods of tbe year are from the poorer semeendors, complaining that the 
occupants of dams will not give them their water. However speedily 1 may^iisue 
my orders, 1 can scarcely prevent the complaiDant*! crop from being seriously 
injured ; and he fearing, not without reason, to sue in a rivll court for damages from 
bis powerful opponent, submits to any exaction, rather than expose himself to a 
repetition of the injury. 

• Not to be oo&rouoded with the Bbysool ui Boodurpeor. 
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S6.*~l do moit flincerelj b^pe tbit, sooner or Uter, Mine meani will be taken 
to en^rely over throw the pment ej^tem of irretponsible power, eiercbed hy the 
OecnpiotB of dami; titd that GoYeroment will put Into the bands of its own ofHcen, 
the control of the irrigallon gcnerallj. Until that Is done, pennanent benefit can 
Bcarcelj be expected. This is sot th^ first occasion that 1 have taken, to bring 
forward the-rubjcct. It has been fullj discussed during the last few montbii and 
conflicting as hare been the opinions elidted, there is 1 believe on one point but 
one voice t that the measure I propose, vii., taking the management of the irdgation 
into the hands of the Government, would be highljexpedienL 

37 .^ 1 ii mendoning the eaKben dams across the rivers Dbora and Bhjgool, 

1 have been rather brief in mj notice of them. The latter cost me bat little trouble. 
No regulator having yti been applied to it, the canal is apt to burst its banks, and 
do some damage* The latter wu first constructed last year. There was some 
deep digging on the water-courses above 12 feet at one part; and 1 took a regular 
set of levels along it. 1 am not practically acquainted with the violence of the 
floods along \hit river, and shall probably improve on the work considerably next 
year. In the mean time, it has answered very well for the post hot season, and 
the expcnces (about Rs. 2,000) have been entirely defrayed by the landed pro¬ 
prietress before-mrntioned, on my agreeing to take tbo oianageuicut of the work 
into my own bands, should the Government approve of it. 

98.—Proceeding to the east, we find the river Dcolia larger than the Kitcha, 
and of more importance. Flowing immediately under the town of Fillibheet, the 
great Eohilcund timber mart, it possesses suflicient volume, in the rains, to allow 
of large boats and rafts of timber passing down it, aud forms the principal line 
of trafiic for the Saul wood of the eastern part of the Turroi. Subject, like the 
Kitcha, to violent flooill; from the mountains, its channel is at times very broad 
and deep, whilst in .the hot weather, it does not contain above l&O cubic feet of 
water per second. To throw this water into the rich adjacent Pergunnah of 
Becsulpoor, would be highly desirable; and at the request of Mr. Williams, 1 
visited that port of the country last November ^ and huving selected the spot offering 
apparently IVwest obstacles, 1 surveyed aud look ihc necessary lines of levels in the 
neighbourhood, and made a rough calculation, of what the work might probably be 

executed for. * I1ie danger attending the 
construction of this canal is, that the 
channel of the river, oa, about 150 
feet broad in the hot weather, is liable 
to vary in position between the high 
banks, 66, distant from each other 
nearly three quarters of a mile ■, these 
two bonks forming the llimts of the 
floods In the rains. Thus, for instance, 
the present channel, ca, might in rime 
become altered to ec; in which case the 
head of my proposed canal, dd, would 
be sadly interfered with. 1 have during 
the lut season limited myself to the 
construction of on experimental bead, dd, at the cost of come Rs. 250; and 
ibonld thd floods have foiled is doing it much injury, 1 shall probably 


* Bs. 20,000. 
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immediate raeuure9, on commencement of the cold seaion, to coastmct a canal, 
from the point d, to a nullah distant from it a mile (similar eery much to the work 
on the Khcha). 1 shall then drmn the nullah, and make uee of it in a great measure 
ad A main channel; only taking care, to have frequent escapes, to prevent tlie water 
riaing above the height intended for it. Should tbi» canal he carried out and 
succeed, which I see no reason to doubt at pftsent, 1 ahall be able to Irrigation 
to 30,000 beegaha of land, at tbe moderate cx|)caaa of Its. 20,000. I aay that 1 
see no reason to doubt the success of the work, because the plan of restraining a 

Hver within a particular channel, by means of 
lit TuUW hurdle*, clay, eifd piUiig. i* by no mean* a norel 

idea, and has been carried out with succeu in 
France, by Monsieur Laval in Gascony. 

39.—'f he average coat of a regularly huilt canal, on a slope of 18 inches per 
mile, in this country. Is, 1 fancy, not leas than Es. 1,000 for every cubic foot of 
discharge. The Dooab Canal hu certainly cost more. The little Nugeenah Canal 
has cost more, and I know of no canal that has cost less. Tbe Kitcha irrigation 
works, (lor repu/ar canal it is not) have coal Rs. lfr,oi>0, instead of Bs. 1,20,000; and 
tliot lU lCi,000, the lemcendars are |ire|»arcd toliqitidatc within three years, should my 
proposal, to make the works Government properly, not bs attended to. True, 
they arc not so pleasing to the eye, as more scirntiOcoMy constructed works; they 
aTe more troublesome to manage; and they economise water less : but the end ia 
obiainra at A comparative triding cost; the land is irrigate I; remUsions uf revenue 
from want of rain are no longer to be dreaded; and shonld 1 meet with no unexpected 
obstacles, 1 shall hare indeed reason to congratulate mysHf on having been appointed 
the mcaiia of conferring tuch a blessing on the country. 

may ajiprar, to those Qiiaci|uajiited with the suhjeet, that 1 um Inclined 
somewhat to overrate the magnitude of the obstacles opposed to me. Tuc Muskurra 
river crossing the Dooab t'aual certainly op^irars /ew foimidabk than cither tho 
Kitcha or the Jlcoba.* Every precaution was taken. Major Caut^ y, if I am rightly 
informed, had men posted, within hearing of each other, with mo-keu ready to givo 
notice of tho coming flood; and notwithstanding all liia care, he could not prevent 
a solid masonry dam from being undermined by the force of the torrent tall trees 
are brought down from the monnUhn and tossed like feathers in its eddies : and the 
beachllke flatness of the country alone preaervra it from fre<|ucnt and terrible 
submersions. Piles, 14 inches in diameter, were driven by me, in Idt.'iHG, from 12 to 
16 feet deep into the bed of tbe Kitcha; several of these were tom up, and found 
on the river banks many miles down; and althougli, wiUi tbe aid of gold and iron, 
there are but few natural obstacles that may not be overcome in engineering, 1 am 
convinced that the fewer the obstacles we offer to tbe torrents^ the less frequent 
will be our disappointments. A bank of sand, 6 feet liigh, is destroyed by the first 
flood in June; the river then flows on its usnal course, unimpeded: and by judici- 
onsly built weirs, 1 think suCbcient influence over the direction of rivera may be 
maintained, to prevent any great deviaUon from the canal bead. » 

41.—As my works progress, 1 trust to be able to introduce both corn and sow 
mills beneflcially. 1 have hitherto only constructed one com mill on the Nugeenah 
Canal. It pays 20 per cent, on its cost. The turbine has been recommended to 
my attentioiT by Ills Honor tbe Lieute*nanMvOTeriior, North M'estsrn Provinces, 
and its great advantages will, 1 hope, be strikingly shown, should U be determined 
to put the forest at the foot of the hills under khioi tuhseel management. The 
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Dlion and propof«d Deolm Canals, are all favoralil^ situated for an experi¬ 
ment of tliia sort, and I am onlj waiting for a fitting opportunity to inatitote 
one. • 

42. —Tlie fayoraUe ^rms ofTerod to cuUiraton in the Turrai hare led, with 
apparent reason, to a fear, Icet any great improvement in its irrigation, might 
induce tKe^yuts in its vicinity, to reaoVt to it in greater numbers than is desirable. 
1 am not aanguinc enough m)8cirto suppose such an event probable. The principal 
benefitfl of toy canala are to i'howmilah, Kitcha and Kaubur; pcigunnaha highly 
aseeeacd; and, with the exeeption of Chowmilali, thickly populated. In the case 
of Amdatidah, beforc-mentioued, which increased in one acaaon from 40 to 110 
ploughs, it must be remembered, that in former years it was highlj fiourithlng, and 
had ebbed to its low condition, on the disconlionanco of Mr. Uonlderson’s dam 
on the Kitcha. It has now returned to its former state; many of its old iiihabitanta 
ha>e probably returned to it; and as there is no reason to suppose the population 
now to be less tlian it was lO^'cars ago, the drain must he beneficial rather than 
hurtful, insomuch as things are returning to their former level. 

• 43.-^On examining a register of births and deaths in the Turrai, for the years 
1814*4ri,—lUe only one I ha^e,-^X find that the former are to the latter os 1,031 
to 1,820. A considerable influx of ]>opulation therefore mvU take place at present, 
or it WQuld be a desert in a few years; and if increased cultivation, drainage of 
snamps and regulating water-rourscs, tend to diminish maloria and mortality, 
immigration from the plains will on tliAl account be less necessary than at present. 
*What effect Increased culilration of, and attention to, the Turrai, (particularly tbo 
pcrgunimh of (juddurpoor,) may have on the adjoining jngliecr of lUmpoor, 1 am 
not prepared to slate. There arc circumstances connected with this subject however, 
that Ueserre considrratkn. 

l.^l/iidcr the reign of Ahmud All Klimi. Utc Nawah of Itampore, the effects 
of the tyranny of his minister, Dhoukiil Sing, wore very vi^ililc on the face of the 
country. The former died, and the latter was murdered ii; 1810. The'present 
Kawab, Mohomhd Syed Khon, passeil bit apprenliecsbip m a Deputy Collector in 
our service, when in indifferent circiimsfancxs, previous to his succession to the 
jagliecr; and putting into practice tlie lessons he had Icnmt from Mr. Timins at 
Budnon, be (shortly alter asstuning bis govern men t) succeeded in considerably 
improving the condition of his subjects; at tbo same ii:ne greatly increasing his 
revenue. 

43. —The jaghcer of Ramporc lies immediately south of Guddurpoor, Roodur« 
poor and Bazpoor.* Tlie a^ljustmcnt of tlie diffcrcuccs, between the Rajah of 
Kasheeporc, (who holds in farm the two former prrgunnahs and a share of the 
latter,) and the Nawab, with reference to their rcs|>octiTe rights of property in the 
many streams that flow from the lUjah's estates, to those of the Nawab, is one of 
the most delicate and troublesome tasks that I have had to perform. The Rajah 
has by virtue of hU position,—holding ipi farm from the Dritish Government, a strip 
of*land, 8 milea in breadth, above and ml joining the Rampore territories,-^an 
abstract right to make use of the rit*ers passing through his property. Moreover, 
the terms of the present lettlcmcut with the Rajah, are those of a jumma mmosinp 
to a certain limit, and he is under a hond^ to greatly increase the cultivation by 
my asiistnnee; and to enahto him to do so he has been granted immediate remissione. 

*.V Pergunnah lu ZillaU iXoradabsd oHj^iniof Guddurpoor on Ihe west. 
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Any increue of cultirttion, WTohet u incretH of irngftUoD»—in other words, 
the construction of aew dsaii and the Nawab ▼iolcntl^^>l^ecU to any alteration in 
the irriga^on of the Rajah's estate, it b^g now at as low an ebb as it well can 
be. 

46.-^TIiere are but few public records extant on this Abject, and those few are 
not very satisfactory. The river Nahul, fioyiog immediately under the village of 
Guddurpoor, has been for many years one of the chief sources of dispul^and heart' 
burning. It is formed by the junction of the Kabul, the Barbut, the Ruknalls, 
and (since my operations near Musseet,) the Bhore. In a letter from the Governor 
General's Agent, Mr. Seton, dated 1804, the Kabul is made orer to the Nawah, 
on the report of one Dureeah Khan. The Bar hut was apportioned to Kssheepoor, 
hi • roobakarce from Mr. Douldersoo, 1835; and the Ruknalla and Bhore, have, 
from time iouuemorial, belonged to Kasheepoor. The Nawab claims all the four 
rivers thus united into one, which would, if agreed to, seriously injure the Rajah; 
who declares that the Nawab is only entitled to fhe Nahul proper, previous to tiie 
junction of the tributaries: an arrangement that would be no less injurious to ths 
Nawab, tlian the other one to the Eajsh. 1 temporarily settled this question last 
year, but mutt adopt some more permanent arrangement during the ensuing season. 
1 am myself inclined to advocate a division of the waters, on the principle of share 
and share alike; that one-Ualf of the waters of any stream, meuured* at a point two 
miles north of the frontier, be apportioned to each party: and that the same system 
be Copied to the southward, where the cue is revened, and the Rampore territories 
lie north of our's. Tills division should be made by me, in concert with an agent 
(tom Rampore, and submitted to the Governor Genoral's Agent, Mr. Pldcock, who. 
should he approve of it, will finallj^ order it so, and thus put a stop tc all further 
litigation. 

—The Nugecnah Csoal in sillah Bijnour, though nominally in >me meuure 
under my control, owes the improveraents tliat have lately token plA»:e ou it, more 
to the trouble Mr. J^ick, tlie Collector, hu taken, than to any taing that 1 have 
been able to do. By cleaning out tbe silt and sand that in a grea' auasure prevented 
the flow of water, the discha^ at the irrigation bead hu bci*o greatly increased. 
The present year, though not a favorable one, shows a greater area of irrigation, 
than baa ever occurred before, and (he corn mill constructed on it nearNugeenab, 
hu paid 20 per cent, on its cost. The collections on this work tre clTectcd (as 1 
propose on the Kitclia and Dhora Canals) by the tiiliseelee establishments, under 
tlie pethAar, who hu yet received no reward for his laliour. 1 think it advisable to 
give him, in future, a per^eentage on all collections; partly u hU just due, and paKly 
to stimulate his seal: and a proposition to ibis effect will be forwarded through 
the proper channel. • 

.(H.—My operations during the eosuiog season, must he iu some measure 
guided by the effect of the rains on my works. Up to the present date, August the 
15th, no injury has occurred of importance; though it is but fair to confess, that 
tbe rains have lieen much less violent this yesr. than they were last. The floods of 
1846 were 14 feet high in the bed of the Ritcba:—during the present yearrths 
highest has been only 10 feet, in Guddurpoor, I trust to And the Musseet swamp, 
if not entirely vanished, at least not rerjiiiring any further outlay of money. The 
disputes between the Rajah of Kasheepoor aud his Pithan mokuddums, 1 shall 
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endnyot to heal. By me&as of Mr. Batten’t infloexice with the Bookaahi, 1 ihall 
eadeavor to buy lome of them out of their iwamps» and tuni the water down between 
the rivers Dhukka and Bhore. The tvnfo gue$Ho of the Nahul, will require to be 
decided likewise, and 1 shall be glad to find that the proposition made in paragraph 
46, is thought worthy oi^doption. I shall prepare a statement of the additional 
ploughs that have been thrown into this pergunnah during the last two years, and 
1 think itWll be found very saiisfaetory. 

49.—In Qoodorpoor, I have the repurs of the Roodurpoor Canal to execute. 
They will bo troublesome, as the timber falls were seriously injured by a flood last 
season. I am in hope that the^Nawab of Ramporc will come forward with the funds 
to repair them, and enable me to build him a Mw*mlll. Mr. Owen, my assistant, 
will superintend this. The Kitcba Canal, being a new work, will of course require 
some repairs and additions. For a distance of 1,100 feet the digging is very deep, 
and the soil sandy. The rains have cut down the banks, 1 am informed, to some 
extent} in which case they must be covered with turf, and the sand that has been 
washed into the canal must be removed. The Dhora Canal having been hastily 
finished to allow of its serving for irrigation this season, will require considerable 
Improvements and additions; and the watcr>cour$e from the Bhygool, will require 
to be furnished with some safety valve or regulator, to prevent its Aooding the lands 
of three small vilhgca belonging to the Rajih of Kasheepoor. All this I can, q:itb 
occasional visits of my own, confide to Mr. ($wcn. He gained considerable experi¬ 
ence on the Kitcba last year, aud 1 feel sure that be will exert bimidf. 

fO.—In pergunnahs Cliowmilah and Kitcha, 1 havo ample employment; and the 
distribution of the waters of the Falis, Kitcha, Dliora and Bhygool,—the laying 
out water-courses,—and introducing a regular system of irrigation, is a task, which 
I am scarcely sanguine .enough to liope to be able to complete in one season. In 
pergunnah Beesulpoor, should 1 fed w&rrsuted in undertaking the Deoha Canal, 1 
expect much a.«sistai1ce from Mr. Brqwn, tliv tuJiseel4ar; aud a dying visit from 
me once a month, will be all tiiat is required, until bricks are ready for a sluice-head. 

1 shall, if possible, during the month of October, previous to entering the Turrti, 
visit the NngecnnU Canal; mid in conjunction with Mr. Dick, the Collector of 
Bijnour, examine the river Gonghcea, aud ciidcaror to introduce a series of regulating 
bridges and canals along its whole length, as far os tlie Moradabad boundary. I 
shall proceed with Mr. Batten, at such time as we may hereafter agree, to the 
Booksah villages in Guddurpoor and Itucdnrpoor, in the hopes of effecting some 
improvement in that quarter. PcrguunaJk Kilpooree, I have hitherto alluded to but 
slightly. The extent of the swninps in it, is almost bcrediblc. I am unwilling to 
press the Rajah to put funds at my disposal to remedy tliis, knowing as I do his 
pecuniary embarrassments. I may jicrhaps submit hereafter an appUcaUon for a 
grant of Rs. 2,000,* to enable me to effect so desirable an undertaking. 

SI.—’Tliat further improvements are to be, and will be, brou^t about, I doubt 
not. I will not, however, iudulge in speculations as to the futore. A itaristical 
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account of the increase of ploughs, arise in the 
value of land, and a diminished bill of mortality* 


will be the best evidences of the success or failure of my measuresto this detailed 
account of which, it remains but for me to add, the total expense that the State 


has been put to on their account. 
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made an aeeaunl ^ mark$ eanneeied teitA ike irrifaiion 

# 

M Mckdennd, dated 23rd Au^i 1847. ^ 


iU. ori¬ 
ginally advanced. 


5KCffef._4,000 Rf. for 
Pile Engjnei. 


J%ird.^lb,650 n$. ad- 
▼ance for kutcha 
worki. 

Fourth.—20,000 lU. 
for DeoHa Canal. 


282 mpeec hare been expended in draining Mutieet; and 
Ra. dSS-d-S on Roodorpoor. It ia rery deiiiable that these 
2,000 Re. be made a grant fbr tbe purpose of drying more 
completely the twaznps in these pergnnnahs. 

Its. 2»914-2-0 hare been actually expended, and 
Be. 365-6^ hare been received hack, u proceeds of works *. 
there stands therefore a* present debt of Ri. 2,528-10-6 
against them. 

Ra. 15,317-12-7 hate been expended. The liquidation of 
this will be commenced at once, should my proposal, to 
make the Canal Goremment property, not be approred of. 

Not 4i|bursed. * 
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REPOBTS ON THE KHIRKEB AND CHUTTUBPOOB BUNDS NEAR 

DEHUE. 


No. 1.—Report 6y Mr. E. Bim*. w ehaye of Knjufgurk Jheel WorMi, doted $tk 

April ^49. ** 

remunt of the numerous Bunds which ore found in mtnj psrti of the 
DeWie district, more pnrticuinrij in the Southern Pergunneh, most convincinglj 
attest the attention pmd fonnerly to the subject of irrigation, and the great labor 
and expense incuned to secure it by means of these embankments. 

2.—Some of these Bunds owe their origin to the enterprise of village commu¬ 
nities; some to the munificence of individuals; and others to the Native GovemraenU, 
particularly the Pa tan dynasties, who have left some Immense works of this description. 

3 ^Xhe Bunds are variouslf coostructed; some being mere earthen embank¬ 
ments; others are massive structures of masonry, in tlie construction of which, 

nrither labor nor expense has been spared. 

4.—The remains of 27 Bunds have been found, and it is supposed that many 
more exist. Some of these Bunds arc of great extent. Amongst the most remark¬ 
able is that known as the KHinau Bund. It is a very extensive work and coo- 
Btructed of massive pucka masonry. This work could not have cost less (at a rough 
calculation) than Bs. 1 , 10 , 000 : assuming a moderate rate (forwork) of the preseht time. 

5 ..In the immediate vicinity of the present city of Dehlie, the remains of a 
most exUnsive work of this description, are still to be seen. It appears formerly to 
have connected the hills, near Bokilla Hon ke Suroee, with the range that runa 
through the Military Cantonments, and ends near the river Jumna, about two miles 
north of the city. It is difficuU, at tbit time, to ascertain the precise obj^t for 
which this work waa constnicUd, owing to the great changes caused by the forma¬ 
tion of the Dehlie canal, and the consequent increase of gardens; to make room for 
which a great portion of this Bund has been desuoyed. 

6. —‘The southern portion of the district, being divided into numerous valleys 
hy the ranges of low hills which intersect it, is admirably adapted for works of this 
description, of which the culUvotors formerly appear to have fully avsdled themselves. 

7 . ^Xhe numerous ruins which are so profusely scattered over this part of this 
district, attest the presence, at some former period, of a much more numerous popu¬ 
lation than is at present to be found ; snd there can be little doubt, that instead 
of the present unproductive state, this part of the country wes formerly well cul¬ 
tivated and fertile. It is with the hope of, in some measure, restoring this favorable 
state of things, that the re-establishment of some of these Bunds has been proposed. 

g.—Xhe Bhir^ee Bond (which is stated to have been constructed by the Emperor 
Ferose Togluck, about the year a. d. 1S65,) was first repaired by Mr. C. Grant, Col¬ 
lector of Dehlie, in 1841, who closed up the lower range of openings with planks 
and kurriH, hut owing to the great quantity of water upheld m the rains of 1843, 
ibi planks gave way. The openings were then closed with pucka masonry, by order 
of Mr. J. Lawrence, and the whole faced with earth, and a smaU sloice constmoted. 
This measure appears to have been effective, with regard to the stoppage of the old 
sluices. No escape, however, spp^M to have been provided,.afteKa lufficient quan¬ 
tity of water had been collected above the Bund. The eonsequence was its giving 
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wa^ hi two pl&MF. The Uet of these fiulara wu daring the reinJ of 1946> since 
which the Bund bes been repeifed bj Mr. A. A. Roberts^ the Offieleting Collector. 

9. —Some ides msj be fonned of the force with which the water comes down, 
when it Is stated, that it burst through the pucka portion of the Band, conslituig 
of a wall 10 fen in thickness, and faced and hacked with earth about 20 feet thick 
on each side. It should, however, be mendeoed that the wall, althoogh intended 
to be pukca, is little better than so much rubble masonry: so badly are^he stones 
cemented together. The soil is of such a li^t sandy nature, that great difficulty is 
experienced in keeping the Bund water-tight. Considerable quantity of water some¬ 
times dndi its way through the earthen embankm^ts and pucka masonry, and 
springs up on the lower side of the Bund. During the month of August 1347, great 
apprehensions were entertained for the safety of the Bund, in consequence of a spring 
of this kind. 

10. —Since the repair of the breach of lS46w the Bond has stood, tod the nullah, 
above and in front of the sluices, bas in consequence dlledupto a depth of nearly four 
feet, by the earth brought down and deposited by the doodi. 

lt.*»One great fault exists in the whole of these Bunds, and which appears to 
have been the principal cause of the oumerous failures, vii., no efficient permanemi 
escape for surplus water having been provided alter a sufficient quantity bas been 
retained. The water therefore rises higher than is necessary, and a greater quandty is 
accumulated than the embankments can bear. The consequence is, the partial de- 
itrii^tidh of the Bund and the total loss of the water. 

12. ^Some permanent escape for surplus water should be provided, u it is 
useless to expect a native cbowkeedar to exercise sufficient judgment, in opening sluices 
for this purpose, during heavy and continued falls of rain. 

13. —To rectify this defect with regard to the Khirkee pund, the upper range 
of sluices or arches should be re-opened. They are seven in number, and would 
g^vc sufficient water-way. It would, however, bq necessary to construct a pucka over- 
fall or slope, in these a|Ches, to adjust the surface of the upheld watri to a point which 
would be ample for irrigation. Above this point the surplus vater would have a 
free and permanent escape, as the upper portion of the arches would always remain 
open. 

14. —The water could be reduced by means of the sluice, when required ; or, 
instead of a pucka slope, movable planks might be fixed in tlie arches to the height 
required. 

15. —Irrigation to lands below the Bund might be attained by means of the 
sluice. 

16. —The force with which the water rushes through the old simeea of this 
Bund endangers the whole structure, as the bed of the nullah has been thua cut 
away immediately under the openings, and the foundations injured^ indeed, cut away 
so much, that la^ masses of ussonry, consisting of the whole lower facing of the 
sluices betweoi the towers, have (alien into the bed of the nullah. The quanti^ of 
masonry, thst has thus fisllen, is very great, being nearly 20 feet in breadth at the 
centre of the sluices. The platform over the lower ranges of arches appears to have 
been originally 30 feet broad over the centre arch. It is now only about 10 feet; 
the remainder have ffilleo. 

17. —It will, therefore, be necessary to leeure the foundations of the Bund, af 
this point, by the conitruction of a floor and slop/of nibble masonry, consistiag of 
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the muiM of itose procnrtbU, to bretk tbo ftW of iht vt.ter from the 

opeouigt, end to prcfent tnj farther oattiog ew&j of the bed of the aoll*h» or 
dentge to the foondntion of the Bund. 

will aUo be neerwry to point the whole of th% face of the lower range 
of ilujcei» and fill up the intertUcet of the Dusonry. to prevent the falling water die* 
placing any mote of the etonee. « 

.s I9.^?hat portion of the Bund, eltuated between the aluices and the village of 
Khirkoe, reuft be coniiderably atrengtbened vntk earth-work, both on the upper and 
lower lidee. 

20.—The Chutterpoor Bimd ie an earthen embankment of considerable extent 
being nearly 2 miles in length. It appear* to bare been ori^nally constructed by 
the village communities In the neighbourhood. It would, if properly completed, 
irngate upwarde of 1850 beegaht of land above the Bund. Irrigation might also 
be given to the lands lying below the Bund, and to the right and left of the main 
nullaii, by the construction of two pucka outlets, to the right and \tft of the sluice. 

21. —The Bund would require a new slaice, (the present one being quite insuffi¬ 
cient) the planks of which should be adjusted, so as to act as a permanent escape. 
The Bund will alio require completing for 2,450 feet, and some additional earth-work 
to strengthen the places where it has formerly given way in 1845. 

22. —The Bund was first repaired in 1643 by Mr. M. Gubbins and by Mr. J. 
Lawrencee in 1844. In 1845, this embankment gave way,and was afterwards repaired 
by Mr. A. A. Roberts, Officiating Collector, who also ordered the construction of the 
sluices. The Bund stood the rains of 1847 i no great quantity of water was, however, 
collected. 


No. II .—IiupfethH Report Bv Hajox P. T. </AUTi.Kr, (Bengal Artillery,) ^^uperinfen- 
<lent General of CanaU^ dated 18/4 December 1818. 

KniKxes Bund, 

(Three MUee JCrret a/Kootub Minor.) 

1. —Mr. Battle, in his repent dated DehUe, 8th April 1848, has most fully and 
satisfactorily described this work. It is certainly one of very great interest, and from 
the style of architecture of the buildings attached, must appertmn to a period, consi¬ 
derably before that of the Moghul conquest. 

2. —The position of the*Khirkee Bund, is eastward of the Kootub. The Bund 
itself has its left flank resting on a low line of rock, and its right terminates on what 
apperri to have been a portion of an old fortified wall. The total length is about 
three miles. Its section is very considerable. On its wboler length it is covered with 
the detritus of old walls and buildings} and the village of Khirkee, which occaptes 
an ancient and very extensive mosque, is situated at a short distance, from the main 
iluieet of the dam, and on the top of the embankment. These mun sluices are well 

^leicribed by Mr. Battie. They coiuisi of seven openings, flanked by massive towers. 
These openings have, in former days, been regulated by shutters, u is attested by 
the sites of windluses, grooves, and holes pierced for the ehmns or ropes with which 
the ihutten were worked. The whole building is of that massive order, which 
characterises all the buildings of^the Putbao period in the neighbourhood of Dehlie, 
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The cost of tbu wiU be» in ApproutantioD, 

No. 1 Earthwork, 10,00,000 Cubic Feet @ 2-d-O, 2,500 0 0 

„ 2WeiM,.2,000 0 0 

„ 3 Irrigation drum,. 200 0 0 


Total, Bupeei 4,700 0 0 


1 have requested Mr. Bat tie to dhw up an estimate, in detail, in the usual'form 
for the above work. 

would be advisable aonuallj to give a careful repair to the embankment, 
especiall/to that portion in front of which 1 have recommended the talus. It would 
also be beneiicial, ai opportunkj offered, to extend the rear slopes, so that thej may 
ultimately be 3 base to 1 perpcudicular. I would not interfere irith the young neem 
trees, which are growing in such abundance on the alopes between the mosque and 
the sluices. They would give a magasine of material for faKine making in the event 
of future leakage through the lower parts of the embankment, although in the pro* 
jected additional slope, most of these trees would be buried. 

7 ,—it appears to me that if the proposed works are carried out, very consider¬ 
able benefit will be effected, and the object# of the dam itself practically brought into 
action. The advanttge of the open weirs on each flank, is, that, immediately ihs 
surface of the reservoir rises above the maximum required height, the superfluous 
water will escape over a wide surface, without the aid or influence of auy chowkeedar 
or estahlishmeut. Prom the irrigation heads, cuu would be made (vide SMeh JVb. 3,) 
on approved levels, so as to embrace and give a command over a quantity ot cultiva¬ 
tion. The tail of these cuts would fall into the main line of escape. The irrigation 
hoods would require shutters, and the superintendence of a chowkeedar who would 
open them immediately, it became necessary, to lower the level of the reservoir, below 
the maximum height. As retained by the sill of tiie weirs. 

b.—Should Mr. Battle be allowed to put this project into execution* 1 would 
suggest that he should be called upon to examine th% line of valley below this Khir- 
kee Bund, as tbe escape water from the Khirkee Bund might be retained again, to 
the great advantage of other tracts of arable land; it is probable that other ancient 
works exist south of Khirkee, which by a trifling repair, might he brought into use: 
at any rate, should the Khirkee Bund repair be authorised, to the extent recommended 
in this latter, 1 would recommend that Mr. Bathe’s attention be directed to convert¬ 
ing the whole line of ibis valley into an irrigation tract, os fiur as means for collecting 
rain water may shew themselves. 

9.^When 1 visited the Bund on the 9th enrrent, the prospects of the nibbee 
crop, (wheat) on the upper, or that side of tbe Bund which had been inundated, were 
good; the appearance of the whole country was, as far as the eye could reach, green 
and^eautiful. ip tbe opposite direction, or on tbe lower aide of the Bund, the pros¬ 
pect was quite revened. With the exception of a few patches watered from wells, 
the whole country was dry and parched up. This would certainly not be the case 
under tbe project of irrigation drains above noted. 

CaumKBOOB Bvnd, 

(Tkrrt MiUi SoutA of ike KootMh Minar.) 

This work has been fully deaeribed by Mr. Battle, In his report, dated 8th April 
1848. It is situated about three miles due south of the Kootub, icroes the upper 
portion^of the valley of the drainage of the Badibahpoor nullah. The Bund consists 
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An earthen etnhuikoient merely; ndther alaieet nor rei'etment; with the*exception, 
of one muonry eectpe, 10 feet in width tiCueted near the centre of the Bund> which 
ii furnished with a ahutter» windlass, &e. This worir is^aghlj built of stone, and 
from its site beuig near the centre of the work, and therefore in the deepest part of 
the channel, there is a consldeiwbie retrogression of leeel upon its tail: so much 
retrogression, in fact, that unless immediate steps ore taken for its protection, the work 
mutt ineritably sustain serious injury, during the next rains. 

2.^During the late season, the •quantity of rain which Kss fallen, hu been rery^ 
small; so small, in fact, that the sluice does not appear to hare been used: but eren 
under* this disadrantage it is remarkable, to see the dilferenec of the crops abore and 
below the dam. Above, a sheet of green wheat ami other nibbee crops, as far os thy 
influence of the dam, and its inundated land bad extended. Below, nothing hnt 
brown, barren, broken country. To those who doubt the adrantages of c&ualt and 
irrigation, I would strongly recommend a visit and walk along the line of one of these 
embankments. On one side, there are irrigation and verdure; on the other side, 
there are dryness and drought i and this comes so directly under the eye at once, that 
the impression it marvellously satrsfoctory, 

• 3.«lt strikes me that this ChiitturpoorBund is a work, that might well be taken 
up by the Government, to bo placed in perfect repair, and act as q pattern fur others 
hereafter. The system that 1 would recommend is precisely that described for the 
Khukee Bund. The principal being this, 1st, that the centre portion of the embank* 
ment being the highest, end consequently that most liable to accident, ought to 
remain intact and be strengthened and protected in every possible way ; 2ud, tha . the 
escape of superfluous water, or water which rises above that point re^iuirod for *nun> 
dation, ought to pass over weirs, free and o|>en, unimpeded Uy gates, and not depend* 
cut on ettftblishmeiit for regulation ; that these weirs should be ^siiaated, on*,* in the 
neighbourhood of each flank, or rather at p<Mnts. os far distant from tb.: centre, as 
may be. considered less liable to lead to retrogression at the 'toil; that ihe widtli of 
the weirs oughtto bo great, so as to admit of a comparatively quiet passage of the water 
over them; 3rd, that, whereas the sills or wasteboards of the weirs are on a level 
with the Aiffk^witer mark, or that level required for inuudation, each flunk of the em¬ 
bankment ought to have an irrigation drain, the sill of which is on a level with the 
iow^aUr mark. These irrigation beads ought to be connected with Usjbuhas or 
water-courses, carried along on a proper level, and embracing all the coutitry below 
the dam, in the fashion shewn in the Sketch No. 3. 

d.^From th;; date, therefdfe, that it was considered necessary to reduce tho 
water from its maxtEnum height for inundation, these irrigation drains would he 
opened, and the water would be carried off by channels, so as tu /ifford irrigation to 
the land below the embankment. If necessary, of course, these irrigation heads 
might be opened at an earlier period; but in common and average seasons, the plan 
would be that described above; the weirs retaining the water fur the purpose of inun¬ 
dation, and the irrigatioa heads providing the means of reducing tho water in ium' 

reservoir to its lowest required height, and at the same time distributing Its beneiits 
to tbe country below the Bund. 

h'-'Tha present state of the Cbniturpoor Bund is as follows 
Isr.^Thc Bund, or embankment, is perfect on its whole line, but it requires 1 
imagine extension on its cast flanks. * 

2a^.-^The cross sections vary in their dimensions very considerably, at points 
where, in fonner yean, fractures here taken plaee. The front or interior «lopei have 
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.\n thoie repuri been extended, but the general ehiraeier of the eectlou ii t went of 
■lope i portioDi of the Bond offer o netflj perpendicular wall to the front; and, gene« 
rallj speaking, the whole of the alopet require reforming. 

3rd.—>The height of the embankment ia exceedingly irregular, and it has appa^ 
rently been.determined on no true line of level; tboflanki terminate abruptly on the 
country, at a height of from 4 to (3 feet above the tnrface of the earth., 

4th.—*The masonry outlet ia biiiU in an awkward position ; there is at present a 
perpendicular descent, at the tail, of about 7 feet, arising from retrogression of levels. 
To repair this a eonuderable outlay will he required. 'The plan of this sluice ia to 
retain the water to its maximum hdght for inundation by a gate, and when the 
country requires relief from inundation, the gate being opened, the water runs off to 
toatU» passing down the lowat channel of the valley. 

6. —The proposed improvements are as follows: supposing that Sketch No. 4 
represents the cross section of the valley with the embankment ocross it,—Mr. Battle 
would find out the maximum height to which the inundation readied, and at this 
point, he would build a honch-mark as at A, This bench-mark would he on a finnk, 
and in front of the Bund. He would then carry oht a line of leveb cross the valley 
and construct another bench-mark at J., the two bench-marks being on one exact 
level. A line drawn from the top of one hendi-mark to the top of the other, wonld 
give a scro, upon which operations would be carried. Tills scro line would also ^ve 
tho level of the liU or wAsteboard of the weirs. 

7. —The true top of the mhankment would then be laid out, at a height of 36 
inches above aero on the whole line of tlic work; and from my observations it strikea 
1UC tliat much earth would be proenred for forming the front slopes of the Bund, by 
materials token from the top, as represcntc«l below. Tlie earth removed from ^., in 
reducing the height of boJtk, to be thrown, atX 



9.—Tlie general rule for the slopes ooghi to l>e thus— 

. Front or interior slopes 4 to 1 perjicndicular: 

' Rear or estenor slopes 3 to I perpendicular: 
and the whole of^the slopes turfed, covered with grass, and kept clear from trees. 
At the foot of the exterior slope, however, I would recommend a belt of quick grow-' 
ing trees, to be used as material for faacijies in cases of emergency; neem, bukoln, 
4^nse, would do well for this purpose; and 1 would suggest an experiment of planting 
jao or tamarisk, which would be a most useful species of material if its growth were 
aucccssful. The section of the Bund, on my project, would be as shown in Sketch 
No. 5, supposing the height to be 10 feet. 

O...The weirs would be exactly the tame as those proposed for the Khirkee 
dam; the width of the passage for the water, being reduced to 40 feet,^d the height 
of flank walls to 3 feet. The iluiee now existing would be broken up, and the mate¬ 
rial would be used io (be new works. 


2 
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IO*^TIm irrigatioD dndiu would be aiaiiUr in evef^ reinect to those projected 
for the Kblrkee dem. 

U^The cost of tbe masonrj worhs will be, in epprozlmRtion, 

2 Wein,.2,000 0 0 

3 Irrigation drains, . 300 0 0 

Total, Rupees 3,200 0 0 

That of tbe earth>work cannot be determined without accurate snrrej, but tbe Govern* 
ment might be relieved from the expense of this bj the use of oonvicta. 

have requested Mr. Batde immediately tjiat be can spare time, to encamp 
near the Chutturpoor Bund, build the bench-marks, descrif>cd in the 7tb paragraph 
of this letter, and take accurate levels, so as to give the points for the sills of masonry 
works, and the height of tbe embankment. When tlus is done, ettimatei shall be 
submitted in due form to the Government. 
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TIHAKA CANAL. 

F 

Project for a Cantti /row tke Itfi bonk of the SuttfJ, near Tikui^, beiov 

Looifian/ih, 

No. l.^pAkrT.iMiNARV Note. 

I'he foUonltig »ur>ev and project originated from a fuggestion hy Major Baker 
in hi0 rej^ort to t)ie Military Board, dated '.j*Uh Sejitfinber lb41, olkicU wn^ printed 
in a collection of )ta|»en entitled. Reporta on Projected ('anala in the Dehlic Territory, 
1 voi. IbUo, Alloliabad, 11112. In page 40 of that publication the aiihject is thus 
noticed> 

4 

'* An immense benefit might be conferred on a large tract of country, at a compa¬ 
ratively small cost, by opening a Canal froin the liead of the Soolhn Nuddee, calcn* 
lated to flow during tlie p^Tiodical r*se of the river In tlio tnlny senaon; and ]>crhaps 
ulso by tlicsuiallrr increase of wafer which takes place from the melting of l)ie snow 
in May and Juno. No work wouhl bo required at the liood, exeejd the OKC.avntion 
of a wide channel, into which the water would flow when the river begins to rUf'a 
The channel wunld reipure to be oxtviuled fora few mllco, through the higher land 
bounding the Khadir, and might then he connected willi one or more of the natural 
hollowK or lines of drainagi*} some of nhieli, under the name:, uf ^'Nrewal** and 
Wahnrlee, m‘re triced by Caplnin Brown, and are marked in tlie gi noml Map, 
(Sheet No. 1); and two more were met with in my level from Bnllowalln id 
rosjjoro ; one of rcnurkablo profile near (he ^illnge of Boorra, and (he other cnllnl rim 
‘^PcenwAlAh ChoyA,** (Slicot U. fig. 2). Supposing, for iiisiaurc. that hmurh of ihe 
Nycwal to be ndojiU'd which pHSM*» Uholinr, wo know that the difleronre of n In’cl 
between tiiat town nnd tl.o head of thr S'»oklia Nnddeo is 120 fi'ct, in about 00 miles, 
which would give a fall nearly e<pml to that of the Sutlej liself. A cliannel of I TO feet 
bottom width being providotl, nivl Avorr.ge head WAtor of G feet l>elng luisnmcd, (I 
SAW Hood marks 10 feci above the odd weather ewl of the Snllrj), a supply of water, 
nmoiinting to ujmnrds of 2,000 culiicnl fci4 )»cr second, miglil l>c ubtuijicd during 
thrc<‘ or tour nmnrhs of catIi year. 

** The efft'ct uf such n lH>dy of water being thrown over a dry country where rain 
is Bonnty and unfru{uent, though not aerumtely esihnablcui money, will l^ easily cou*^ 
reived to he very considerable. By side-cuts, the w'dter might be drawn off for the 
irrigation of khurreef crops,andihcpreparariunor the soil for those of the nibhcc. A 
great portion of the water would remain in tanks and hollows, for the use of men mid 
cattle during the dry months; and cv’cn what may be absorbed in tbe soil would rein¬ 
force the undcr-gronnd Eptings, dim ini sh the depth of water in tlie wells, and probably 
render sweet and wholesome many of those wliieh now, over a large tract of coniitry, 
are so impure and ofTensivo, that none but natives of the soil eon drink the w*atcr 
with impunity. Furthermore, there is perhaps grouud to entertain a hope, that tlic 
raeasurc suggested might even bare a faTornblc effect on (he quantity of rain. In (he 
t-^oimcxlon which Is always observed between the w«it of rain and barrenness of soil, the 
former is probably not altogether the cause of the latter; some mutual redaction probably 
takes place between them, and thus it may liap|»en that a country of which the vege¬ 
tation has been destroyed by a succession of drought, may for that reason be more 
liable to a recurrence of the evil, whieh in its turn would retard or prevent tho 
reneiiral of fertility •, and thus by a gradual process of deterioration, the country 
might become a waste, such as Bbuttoeona now is. From the existence of the river 
beds traced by Captain Brown, unconnected as they arc with any mountain range, 
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ilnd i1 tewing by the remiiiits of towns along their coarse, that at no reif distant 
period they were tlowing streams, wc may sofcly infer that tiicsc disCrlcU once enjoyed 
more ohundant rain; and may rentiirc pcrliaps, to hope, that this blessing may 
in some degree be regained, by restoring fertility t<r a nidcdract of country, the sur- 
ihcc of which would also be cooled by thr evaporation of a large body of water. 
'*Tlie cost of nich a work may he roughly estimated as follows » 

"For excavation of a channel ICO feet wide, tlirongh the bigU 
bank of Uic Sutlej, and clearing away obstriictious, &c. £:e. 

in the old beds of the riveis, about .Us. 40,fK)0 

"For the. construction of two bridges; one a regtilator on the 
l.oodianab and Ferospore road, and the other on the Military 
road from Ferospore to DcliUe, or Kuniaul, at Us. h,OOU each, Bs. 10,0011 

Amounting altogether to •• •• •• •• -• •• •• Rs. 50,000 

" Of nhich sum, a considerable portion might be contfibuted by the Sikh chief* 
tains, through wliosc lands the water must necessarily flow before reselling Uhutlecana. 

" For the pre|>aration of a more accurate estimate, and the determination of the 
best lines, A further examination of the ground, and a register of the height of the river 
for !2 moiitlis, w'onld of course be ret|iimtci but the above detail may suffice to enable 
i)ic Military }loArd to estimate the value of the suggestion. On tills subject, 1 will 
merely a<ld, that in the llnliawulpoor territory, there arc nitmerous canals, dry in the 
cold weather, hut filled by the periodical rise of tlie Sutlej; aud that Captain llrown, 
Ucvemie Surveyor, who is thoroughly acr|uaiutcd with the province, has expressed a 
decided ojiiiiion in favor of Mho incasiirc.* 

Political events which have since occurred on the N. W. Frontiec, haye di> erted 
the Attention of thcOovernmciit from this subject, and no furrier $tc])9 have vi been 
taken towariU maturing the project, llic reports arc peculiarly Uitcrcstiur. ai throw* 
iog nddilional light on the ptiysteal features of that singular tract of coivttry, wliicli 
extends along the left lank of the Sutlej from the Himalaya range to Stindc, 


j^o. 11.— Mler/iw Major W. E. Baker, SttperiMirmfcnf o/ CdHaU, to thf af/Jrcia 
Skcbktary of ikt jl/ib’/tfcy tori Ko. i2'2, duted Uoorkee^ 

the 21 Ik 3/tfy iH47. 

Sir, 

1 have the honor to forward, for aabiDission to the Military Board, a report, 

occotnpanied by Map and Profiles, by Lieut, (h J. Ilodgaon, 
Report on Tihora Engineers, on the Canal jiropoaed to be taken from the 

Sntlej, iietwcen Loodiaoah and Feroapore, for tlie irrigation of 
part of the Cis-Sutlej Sikh Territory, and of the Bhuttec Slates. 

*2.^Lieut. Hodgson has turned to good account the short period of time which 

intervened between his appointment ond the commencement 
The cl^cctoC Lieut Ilodg* of the hot weather. Ilia enquiries Ivaving been judiciously 
MD ri urvey directed and prosecuted with vigor, have determined the true 

point at issue, and at the same time hare brought out aome interesting and important 
fcoturcs in the topography of the country. 
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Condiilotm of luocetf • 


lUtuU uafkvonblo. 


3..ftThep1an soggCBted In xnj foraer Report on Sntlfj irri^tion, (d&Ud 1641,) 

ftnd approved hj GoTenunent (coDditiuoally on Ite 
Pino nijBosted in iSil. found capable of execution for the amount of my rough citi- 

mate, via., 50,000 mpeec) was, briefly, the cxcaTation of a canal, from the Sutlej 
through a atrip of high land bordering that river, to one of the natural hollows or 
depressions traversing the country from aortb*east to sooth«wcit. 

4. —The grounds of this su^estion, were, the existence of certain dry channels, 

in the interior of the country, and the ascertrined fact, that 
Grounds of suggestion- ultimate difference of level, bore such a proportion to the 

distance, u to ajlmlt of a sutfleient slope being given to the canal bottom¬ 
s'—The success of this measure would depend upon the direction of the natural 

hollows, and the levels of the country lying between them 
and the Sutlej. To these polnta Lieut. Uodgson'a attention 

was chiefly directed. 

6. —The result of the examination Is unfavorable to the project- The directions 

of the natural channels are suitable enough, but the czca« 
vsriou required to connect them witli riie Sutlej could not 

be effected for less than four lakbi of rupees, or S rimes the amount to which Govern¬ 
ment has limited the expenditure for this object. 

7. —The chief obstacle appears to be tbe continuation, in land, of the high bank 

«« . #.i f I which borders tbe Sutlej from Roonur to Loodiannh, and 

Nature of llio chief odbUcIc- . ^ .... 

was supposed to cease at Jlhoondri, (otherwise called Bhoon- 
deice). This bank has been traced by Lieut. Hodgson, and Is found to be contb 
nnous; passing by Moodkee, Mokutsir, &c., and joining the high bank or Dunda" at 
Nowkheira, surveyed by Captain W. Brown, 1840, and formijig the boundary of the 
Bhuttee and Hhawufpqor States, west of Ubohur. There is every reason to bchevo 
that the foot of this bank was once washed by the Sutlej, though now more than 20 
miles distant from tdiat river. 

5. —Referring the Military Board to ibc accompanying report, for further parti- 

Olgect still .tUin.blo.t«t ngtriing the fc.turea of the Muntry cxemined by 

at greater cost, Lieut. Hodgson, 1 now proceed to point out the line, and 

to estimate roughly (from Lieutenant Hodgsou*a measurements) the cost of a canal 
capable of feeding the Nycwal and tbe Furreedkote and Nowkheira nullahs, and of 
irrigating the districts of Ubobur, Rotekapoora and Furreedkote, though not attmn- 
able at the cost originally contemplated, it sriU remmns for Government to decide whe¬ 
ther the object be worth tbe addirional outlay now found to be necessary. 

9. —The head of the canal wonld be established under BLoondri, at a point on 

. .. - , Sutlej where the flood level is 21 feet above the bottom of 

Sitouion of fisnu head and .« ^ . ... .. .. 

O U> CU^ko. 4he nullah at Gh^iana, at a distance of about 20 miles- De- 

SetSketciMap, ducting 6 feet for the depth of water, we have a clear fall 

of 15 feet, or about 10 inches per mile- Tbe excavation on this line would be 11/eet 

deep, whicli, with a bottom-breadth of 100 feet, and a length of 20 miles, would ^vo 

cubic feet 128,937,600. 

10. -^From Chogana a portion of the water might be allowed to flow towards 
Hokatiir uidCboliur FumedkoU, Kottkipwir,, MokuUir, &c. i wd the reniiun- 

brancl^ der, for the Irrigtrion of Ubohur, &c.» mig^t be conveyed 

by a canal to Bogta on the Nyewil, a distance of 24 miles, following the course of 
the Chc^ana nullah to Pulwana, Tbe &I1 in this diilance would be 26 feet, or 13 
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inchefl per mile. From Pu1wan& to BdgU, 20 miles, ereroge dig^ng 8 feet, bottom* 
breadth 60 feet, would give excaration, cubic feet 57,446,400. 

11 •'^Total amount of eacaTation cubic feet 

186,384,000. at 2 K«. per 1,000 cobic feet, - Re. 3,72,768 

Abitmct cost. Add for 3 bndget,.Ri. 15,000 

and cleariog out obetruations in old nullahs, Ri. 12,23^ 


Total, Co/s Its. 4,00,000 


12. —The preceding paragraph eoutains 1 beliere a*fatr calculation of the cost of 

No daU for oaleuUtiDgM* ^ estimating tbe probable re¬ 
turn. turns. These might peril apa bo ascertained from the Rcre- 

nuc Officers. * 

13. —Should it be considered expedient to expend four lakhs of rupees 6n this 

I>UpoBal<*riJ«ut.lIodsitott** yn^t^'taking. J^ieut. Hodgson will submit reguUr estimate 
servicca for Uic work, as soon u |K)8iiblc aRer tbe rain; season. But 

if, on the other hand, the cost of tbe project be deemed conclusive ogmnst it, I would 
recommend tliat Lieut, llodgsou’s services be transferred to the Gauges Canal. 


No. III.— />//er //*OM /JeHiettant C, J. //m/pton, Extentite Eitjfinter, IHAara Cimatp 
tfaieU IjoodiaHe/i, let May i o<f</resfe4/ to (Ae Snpen/tfetuleHt o/Ca/Mfe, 

Sin, 

111 m; letters Nos. 2, 3, 4, and 5, I had llio honor to Inform you, lhat I «iad in 

levelling from Tihara in a S. W. direction, lallcn in with a 
Uompitulalion vf dci>res' dcjircsaion at Chogano, about 11 miles distant from my 

* sUrtidg point, which*I Jnul agoin crosebd nenr Moga, and 
again, as 1 imagined, in the neighbourhood of Moudkee; 
nnd that I had ascertained the existence of a <*i)unda,^or old river bank, running 
through the county from Furreedkote to Naokheira: further, that I had traced the 
course of the westernmost Nyewal, from the neighbourhood of Mullote on the con¬ 
fines of ilhiitleeana, to a village naineil liapo on tlic Fcroscporc and Kurnaul road. 
t 2.—1 have now the honor to forward a general plan* showing the courses of these 

nullblis and banks, with profiles showing the relative levels 
rian oodPro- jtjyewal, and the ^hogana and Furreedkote nullah, 

with the valley below the latter town. 

3. —Since my former communications, 1 have ascertained that the Chogana and 

SUiemeut of nalur© of depressions have no connection with each other, 

workkio^mj last com- and have traced them both throughout (heir course ;^are 
muuieaUon. .examined the “ Dnnda** immediately above anbelow Fur- 

reedkotes on^ have also followed Kyewal to its commencement aa a distinct nnllah, 
concluding by carrying up my level to the fort of Loodianah ft a fixed point. 

4. —The nullah first met with by me at Cbogana, and the Kyewal, may be nud 

Oriaio and naUm of tba ^ commencement within nine miles of each other; 

' ^awU oad Cbo^na tbe one at Shekbopoora, and the other at Urkara; where 

nulUlpi. another smaller depression, which afterwards joins 

the Shekhopoora and Cbogana one, form the outlets by which the drainagd of the 

* Fide Appendix. 
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higher countrj to the eastirard (o?er which the weier fiows during the rainj eeoion 
in wide uncerttun chenneU it carried off. 

5.—The depreaaion from Shekbopoora to Ghogana, ie> u far la Jettowal, of 

Oo«r.l dc«»pt!on of tt.' "“•«** *" **'* 

CbMuu 
fiheuoo 


Cr * W V 

chaoneh and if generallj from 5 to 6 feet below the tor- 


Central deampbon of the 
aaturo of old river bed 
belaeeo l>eiDoroo and 
Kurreedkote niih ibe 
eootlouatioa of iu left 
bank to tUe northward 
w for M buJieena. 


nullah from 

• TOO, S«3ghiu?*“iS rounding cobnlty. But below lh»t Tillege it ii more con- 

tracted, the banka being geaerallj about 6 to 700 feet in 
length without increaaing in depth; from thence It continuea. with a winding coiirae» 
but distinct profile (except for a abort Stance from Chundun to Chotjja) to near 
Demoroo, where it joins what would appear to hare formerlj been a river bed/which 
may be traced from thence to near Furreedkote. 

6. '-‘ThU river bed, 1 first fell in with while croasing the country from Lopo to 

Furreedkote, an j 1 then examined it throughout iu length: 
but I hare not eurreyed it, and coniequently am unable to 
lay it down with any accuracy. It ia a wide and deep 
channel, averaging from half to one mile in breadth, with a 
continuoua steep bank to the south, till within a short dis¬ 
tance of Funeedkote, where it gradually loses its distinct 

character, and within the lut mile becomes no longer distinguishable. The bed of it 
throughout Is very uneren, intersected with ridges, and filled witli encloiures, so that 
without a considerable amount of clearance and excavation it would form a very 
wasteful channel. At present, it is represented that water never flows along it, and 
indeed, towards the end, the bed evidently rises. The bank to tho N. only com¬ 
mences at Nuthoowala opposite the junction of the nuUab, while the S. and K. bank 
continues towards the north, and is in all probability a continuation of a bank of the 
same nature which 1 tn^t with in my first line of levels from Moga to Moodkee near 
SosuD, and which 1 hare since traced as far north as Sulleena, where I learned from 
the mhabitanU thA it commences near £aan Klian-kc^kotc; but, as it did not appear 
to me to be likely !o be of any use to the purpose of the present enquiry, 1 did not 
follow It any further. 

7. —llelow tliis bank, at Sosan, the nullaJi 1 had formerly cro^ied near Moodkee, 

Bua and course of Ibe de- the .plan* to the 

protsion trom ikvun b/ Dunda, which it joins between iloodkcc and Jan diala. 
Moodkee to tbe iJuucU. * 

b.—The earlier course of this Dunda I could not learn from enquiry of the na-* 

Aocouat or the Dunde. or Moodkee is *itu,ted oo the edge of it. 

old bank of river tnia, (thougl^it is here rendered indistinct by accumulations of 
Moodkee to Naokbciia. from thenro it is to be traced very clearly by 

Jundiala, Misreewala, Fukka, to Furreedkote; from whence it continues, as drawn in 
the plan, to Mokutsir and onwards to Naokheira. For a few miles, a bank runs 
(so fo say) parallel to the Dunda; tlius forming a valley varying iu width from d 
mile to a mile, and even to considerably more than that in parts. 

0.—In my letter No. 3, 1 informed you that 1 had been able tp trace, at the 

Noa-aiisteDee of a&r do- Dunda, a continuous small basin by 

preaaon u tM foot,of which tho run water finds a passage: but upon further 

water hnds a chanoe]) cxaminatiOR 1 find that even thu has no existence above 
above Wutwo. Vuttoo, (tbo village at which I r^oiued the Dunda in my 

first line of level,) hut that the Dunda itself follows a very winding course, while the 
mouths of the bays thus formed are partially filled up with sand ridges, and above* 

* PuU fippndU. 
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the Utter town, though its course U regnUr, yet there is no sppetronce of ony cbAn> 
nel at its foot, while the fall u from Kurreedkote; the lowest part appearing to be 
about Pukka, at which place arc traces of a flow of water to the westward. Below 
WutCoo, the Dunda is unbroken as far as Naokheiro. 


10.—To consider, then, the facilities offered bj these features fbr carrying water 

Considoration of f^mlitica offered I 17 tbess fealurwi to intc» the Bhutlee couniry from tho 
^ the formatwa of the Canal. Sutlej at Tihara i— 

1 l.^Tbe flood lerel of the Sutlej at TIhara to which the water rises, and generally 
UvdIu of Li^ and low BWtntains itself during the rwns, may be taken (u fnr as I 
water oppowta Tilura could Idam) upon an arers^ to be eight feet above the cold 

weather level i so that, allowing a head of 6 feet depth of water for a canal, the bottom 


lenel would be two feet above tliat of low water. 


12.—The nullah at ('hogtna is 2^ feet below the low water level at my starting 


Staleneot of Icvek of pointe 
in the Cbmpoa nulUli, 
with lanatb" ocoomary 
for commuTiicAlintf uutf 
from tho river and into 
iUe Nyonai ac»r Vbo- 
Imr. 


point, (which waa about 2 } miles l>elow the head of the 
Sookha Nuddee,) or ^ foot below the bottom level of tlie 
canal at that point. At Moga the fall is 12 leet, while the 
distance from Hhara is 16 miles, and a fall of one foot per 
mile is not gained till below Singunwala, a distance of about 
22 miles. The nullah from thence has a clear channel, 


about 5 feet In depth, with long sloping banks 6 to 700 feet in length generally, 
with the exception of the space between Chondun ami Chotiya, where the waters 
flow over a wide flat; but beyond Demoroo, but little advantage appears to lie olTered 
by the river bed and the Dunda as a chaitnel must bo formed for the wbotc distance 
to the point from which it might be considered most advisable to comm< ice a 
communicating cut to the Nyewal, which would bare to be 2 o or 26 miles in .ngtli, 
and excavated to a general depth of 1$ leet, as shewn by Capt. Baker's lewi from 

Ubobnr to Kattec. , 

l3..-.Tbe Nyewal nullah, having been trrfted by Captain Brown in l.is survey of 
Point of TOmmreccincDto! *1"= Bh.ittw territory, M high M Danaw.Ua -n the iieigh- 
survey of tbo Nyewal. bourhood of MnUotCi 1 commenced my aurr<y of it at tliat 
place, from whence I followed its course (bronghout to its rise. 

1 .)._Ikly starting point was at the Sirsa and Ferotpore road, where it crosses 

PewtipUoo of (lie Nj’8».l ‘I** dcriresrion, which has at this point an ill-Uefiiica proBle. 

throughout iU course. Immediately above (he village of Dana wall a. however, the 
depreidion assumes a more distinct character, which it preserves os far as 
Bhai-kc*kute, though the banks, which are here about 16 feet high, with a steep 
slope, diverge from each other to a mile or more distance, till near Tehrse, where 
they suddenly approach to withio 600 feet; beyond which tbs depth of the denres- 
sion decreases to 6 or 7 feet, with a width of U or 1,500 feet. Above Bbal*ke«kote, 
the high banks Mparate widely; that to the north-west runoing by Saliehchund and 
Pulayun to Uboloo, while the S. E. bank is i^in found at Memah. Between them 
however are several distinct channels, two of which branch off from each other below 

TJboloo; one running round by Sahebchund, and the other by Bisseeana; and I think 
it probable that a channel alio joins from tlie eastward running under the high bauk 
by Memah. Above Uboloo, the hank to the N. W. continues no longer so high, 
but the depresrion is clear and well defined, bounded by long sloping banks not less 
than 5 to 6 feet high, os far os Mullah. Between 3iulUh and Biigtah 1 could ifot 
find any contuinous channel, though they arc partial ones running in two hr three 

u 
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dir«ct>oni. BugUh u built in the middle of the duanal* bj which menni the waters 
■re thrown orer ■ vnde and Gooroo&ir and Paknwadee are ao a^. Prom thb 
latter village to Puttoo if a clear deep channel; hat above Puttoo» the wateri at 
preient flow over a flat OT great width, cutting imal) channeli and pooU In aererai 
directions. Near Lopo it ii again contioed between sloping banks 3^ to 4 feet deep, 
and 500 to 600 feet loqg each, which is itf general natare from Its commencement 
S«ure of irmni or ir.t«r. Urk*™- H«re are colleeted the erateri Bowiiig from the 
in it during the nuof eastward i and from the accounts 1 received, it appears Uiat 

this depression is not lofficient to carrp off the water brought 
down during high floods, whiclr conae<|oentlp inundate the country to a great extent, 
while daring the whole of the rainy season a it ream, breast^eep, ordinarily flows as 
far as Lopo. Aflcr spreading over a wide expanse below this, the water, as plidply 
shewn by the traces lefl, flows with considerable force as far aa Pukrawadee, from 
whence as far u Mollali, t&e country is said to be inundated generally during the 
rains. Below this, the stream is dependent upon the nature of the season in iihem 
parity being in good seasons not less than waist-deep during floods, and onHuarily 
throughout the rains continuing about ankle-deep, beyond B^i-ke*kote. However, 
the iuhabUants altogether reject the idea, that water eytt flows along the depression, 
and at Mullote it is known as ^the Jhecl." 

Ifl.^Tbe distance of Urkara from the river la not more about 15 miles. 

General level of the Nje- nullah Is not less than 25 feet above the 

wd with nderenoo lotbe river at the nearest point} and the rtlative levels of tbs 

river and nullah are such, that water can in no part be 
brought into the latter, direct from the river, with a cutting of lem than fifty miles 
in length. 

Ig.^Nor do the Ghoganaand Demoroo nallahs offer much asiUtince: as the 

, Dearest poiut at which a channel can communi* 

XeDaths of euu reqmrea to brins water « .... c . . 

ibo Cljitgaua mU imllabe eutc from Hemoroo will be at or near Saheb- 

intoibeNreinlataahebcbuiKl. chund, a distaiico of net less than 2H miles} 

while 1 have above stated that the length of cut to admit water into this nullah 
cannot be less than 22 miles. 

17. —This appeared to me to be so little favorable to the project, that 1 did not 

think it advisable to delay for the purpose of obtaining the 
The aerlam of eonnlry be- ... , ^ t ^ ^ ^ * 

tween Dcfnuroo and Oa- section of the country between these two points, more aepe- 

hobciiuod not taken. cially aa 1 had not at that time followed the Nyewal, soffi- 

cicntly far, to have ascertained the impracticid)iU^ of introducing water directly into 

It from a higher part of the rtrer. 

18. —That these depress ioi I Bwhi chi have been able to lay down, are the only fea- 

^ ^ iures of the nature in this part of the country, would ipneir 

no nullahs ezwt betweea to he but little doubtful; u below Furreedkote no nullah joins 
the two traced. Dondah. No feature of the sort was met with by you in 

levelling from Bullawala to Kattee; while my level was run almost entirely along 
the north-west bank of die Nyewal, and 1 found no nullah joining it} and, lastly, any 
such depression, should it exist, mast take its rise south of the road between Feros* 
pore and Busseean, (in a country having a fall of not more than two feet to a mile,) 
as that road or oases no nullah : and, between two depressions 1 have lurveyed, there 
is*another smaller one, which is traceable to Lungiana, were it unites with that from 
ChogaiM. 


3 
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19.~Abore Urkm* foiling od)j a vide pliuD, over which the water iweep from 

Courw of Unk shove Ur- *»**"■<. * * 1«»*1 ««»• SLekhopoor*. ud from 

kiA with th« dciinf thence followed the course bj which the rain-water dowi» 
* ai fitf as Muoowr» from whence } brought it up to» and 

elosed upon* the ereit of the glacis of the fort of Loodiaoab, as a good fixed point, at 
which to eonmence or close anj futare lurre^; while it would be impoeaible for me 


to fiad» with anj exactnew, an/ point in jour former eurve/a. 

20<^8hould jou require them, I can forward to jou either copies of, or the ori* 

Thstoopiwoforipiiilplot- ploUingt Mid section*, u I have Uid them down in 

(ioff can be fiuaiibed. tke field, on a large |cale. 
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CANAL IKBIGATION OF VALLEYS. 


Xoit4 on the Sifitem of Itritfotion in ike vpjter P<Uiey$ of the Kanpi'a 

JMrict; by G.C. Baf^ss, C. 8 ., DejnUy Cowmimoiitr, KoU Kangrot 

Tfoni^Suflty StoUt. 


[Thf ckitfohjoci lA puhlUkiHg thio p^por i$ to show, how the preservotioH of the ConoU, 
and the iistrihution of the*-w^er oonhe propiM for by the people themelus, ht 
s district, where artificiai irrigation has long prsoatled.'] 


^'he district of Kute Kajima is diruled from tlie hlll-prlndpAUt/ of Cliumba by 


Introductory reiDirki. 


A cliAjn of mounUiJts riling to eai eleratiou of 14»000 or 
15>tH)0 feet abovd tiie level of the sen. On the Chumba 


iide title range li the first and lowest of a scries which strctehvs into Uic.depths of 
Tartory and Thibet. On the southern* or Kangra side* the base of these hills extend 
In long and gentle slopes towards tlic river Bcas, forming a noble valley, highly culti« 
vated, and thickly peopled, known by the local appellations of taloo^uu Palum, 
Putheear* Kangra, and Rihloo. 

The tops of thia chain are covered with anow for nine montlis of the year; and 
snow eiistf in the cleBs and hollows all the year round. A number of hill streams 
take their rise In tliesc mouiitiuns; and the waters, on their course to the Beas, are 
arrested by the people, and conducted hy means of canalwio the cultivated surface of 
the valley. • 

The extent of this isrigated tract may be roughly estimated at twenty-slx miles 
long by twelve miles'^road: and notwilh stand big that moch land it still lying waste, 
and many villages are alienated in jageer* the revenue paid l» Government does not 
fall short of 2,25,01)0 rupees. 


Canil heads. 


The canal heads ava at all points of the stream. Those destined to irrigate the 

upper poitloos of the valley, lie deep in the interior of the 
hills; and the canal courses are brou|^it along the hill side 
at a great outlay of expense and trouble. The lower cuts are much more easily con> 
structed ; and generally a distance of a few haadred yards sufiiecs to convey their 
waters to the cultivated level. 

The water Is diverted from the main stream by means of the simplest embank¬ 
ments made osnally of tbe stones in the bed' of the river, 
Jmbankmont*. cemented t(^tber with a few green sticks, and (where 

allowed by custom,) with clay. These embankments seldom extend quite across 
the stream, but are placed at lavorablc turns, where the excavation of a new channel, 
assisted by h partial barrier of stones, is sufficient to turn off tbe quantity of water 

required. 

On each of these rivers there are at leut fifteen to twenty inde|»cndent canals 
leading to various villsges to the right and left of the stream. Between one embank¬ 
ment and tbe next, the supply is renovated by plentiful springs in tbs bed of the 
river; and thus an abundance of water is furnished, not only to the lowest canal, 
but a goodly stream is allowed to run to waste in tbe main channel. 
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Moat of these cuials have been coustrucUd* tlie people themselree &t their 
CftDftlfi how oripuJlf eoD< expense. A few again are the work of indiTlduaU* 

•trocted. generally relatlres or connexions of the ancient “Kutoch” 

Rajahs of the country. They alt hare distinctire appelUtlona. One fine canal, 
which aappliea water to four or fire Tillages, is known as the '*Daee«jee-ka'KooT/' 
having been constructed at the cha^ of an wld wet-nurse of Rajah Sonaar Clmnd. 
Another goes by the name of the **I>abhan Kool,** having been made by an old 
Rajab of that name. TliU canal, ever since the period of t)te Goorkha invasion (an 
epoch to which all disuters of the put are referred) had fallen into disuse. And 
lut year, the people of their ow.i free-will, with the usistance only of a Govern- 
ihent chupprauee to collect the laboyrers, re •excavated the line at their own cost; 
and restored the waters of irngation to villages distance twelve miles from the 
canal head. 


Another canal of greater fame in this valley is one constroeted about 150 years 

t/ trM V I hy Mean Kirpal Chund, the brother of one of the tvnei- 

KUptu CuuQuit canal. ” . . . . . —,. . 

enl rulers ot the hills. Tins canal, bi'imcs (>eanng the name 

of its founder, is emphatically styled by the people the *' Dhnnn Kool i** and, as its 

history is interesting, and the canal is one of the finest in the valley, I have selected 

it to illustrate the peculiar Institutions in vogue for the maintenance and preservatiou 

of all tliese canals, and for the economy and distribution of the water. 

The *'f>hurm KooV' Is taken from the river Niggf>o1, just above the hill village 

of Bnndla. There are four canals whose sources are above, and no less than sixteen 


cMials rising below, the cannl head of tite **Dhurm Kool.” Its length from its source, 
to the point where its waters become exhausted, is about twelve miles. Th • exact 
area it irrigates 1 haw no means at present of ascertaining ; but according to the 
local measurements, it supplies water to two hundred and tbxiy ploughs, each ploiigli 
.avcragiiig about twelve acres, and paying in roveimc of about fifty rupees Vhus the 
whole surface irrigated, may be computed at 'id^Htl acres, yielding* a ycaily revenue of 
about 12,000 rupees. •. 

The people bear the name of Kirpal Chund in reverential memor). Hc appears 
to have been childless, and to have devised the construction of this canal as a means 
of perpetuating his name. Jiis liberality to the people employed was munificent. To 
each labourer was given six seers of rice, half a seer of dal, and the usual condiments; 
and to every pregnant woman emp1oje«i, he gave an additional half allowance in con¬ 
sideration of the ofli}*ring in her womb. The )>cople bcllcvfi that he still exercises a 
fostering influence over his canal; and some time \go, when a landslip took place, 
and large boulders, which no human effort conid remove, choked up tbe bed at the 
canal, the people one and all exclaimed that no one, but Kirpal Chund could sur¬ 
mount tho obstacles. They separated for the night, and tbe next morning when they 
assembled to work, the boulders had considerately removed themselves to the aides, 
and leR the canal course clear and unencumbered! 


At the canal head there is an ofiteer stationed, who is the lieredltaiy* descendant 

... .. . I / IV V V of the man appointed by tbe foqpdcr. He has a water- 

Tho ftflicial at the embank- . * . / ^ a . . , 

meat Uis duiks ud mill, rent-free, close to the source; and hit duty is to look 

psrqu»»t«. embankment, and make any little repairs which 

the passage of cattle, 5ic., may occasion. 

During the height of the rains, *the canal is ntually closed. When'the rains 


Bepalrs of tlw caosl. 


cease, and a fresh embankment becomes necessary, andexten- 
Bive report arc required along tbe canal course, the people 



Si 
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m MMsbled, one fnm wb bouie^bleh betwfiti bf the end (manhalled bf 
their reapectite **Koo1e«a** or eaoal officera,) work in eoncert until the whole line ie 
reatored to a atate of effidencj. In former dajt, an^ one refnain^ to contribute hia 
aid to repair the canal wta liable to fine bj the nlUge anthoritieii and now that thia 
power ia no longer exerdaed, it u aometimea neceaaary to lend the aaaiatance 
of a thaonah barknndaua, to collect the people and to act them at work upon the 
canal. 

The ** Koolee^ ia an offieer maintaixwd hjr titrj Tillage along the line of the canal 
The Tilbee ** Koolee” or particular branch. He ia the guardian of 

eaoal oJilW. vUlage righta, and aeea that the due proportion of water, 

allotted hj euetom, for the Tillage uae, ia fairlj glren. He patrola along the banke 
of hie own branch, aeeing that no water ii lurrep^tiouilj withdrawn, and none allowed 
to run to waate. Anj breach or damage in the banka, it ie hia datj to diacoTer and 
immediatel/ repair, lie knowa exactly the quantity of land in hie village, and the 
proportion of water which each TiUige ii entitled to receive 2 and according to tliia 
scale, hediatributea to each man in turn: and, any quarrel amongat tbemaelTea ia 
referred to hil arbitration and deciaion. By the old lawa, if he aucceeded in convict- 
ing any man of stealing the water, be wae empowered to levy a fine of five rupees to 
be paid to Government, or to drag tbeculpni to the village *'Koobee” or granary, 
(for the rents of the valley were formerly always taken in kind,) and to place him in 
the stocks for a whole day exposed to the public gaae of the village. 

The oflice of the Koolee is not hereditary. On canals excavated by individuals, 
Atpoiotm.i»toftJi« "Kw defendant of the founder wm allowed the prWilege of 
W.'* nominating tbe Koolee*' on the occasion of a vacancy. On 

linet constructed by the people tliemselree, the village appointed its own man; and 
since our accession, the.pcoj>le have exercised this right on all csnals, whether made 
by themselves or by independent parties. The **Koolee'* is usually elected 4hr life.. 
Uis calling dependa^pon his huueaty pnd strict iinpartiality; and he rarely abuses 
hia trust. If he is unfair or unpopular, the people petition £r>r his rmoval; and I 
adopt tbe rule usually observed wltli regard to other village servants, and allow the 
majority to dismiss an obnoxious man, and to ^poiut a successor; but such cases 
very seldom occur. 

Besides the ** Koolee" for each branch, there ia a Koolee" for the main canal. 
The "Soolee** of tbe mua duties are^tbe tame in reference to the principal canal 

M those of the anbordinate **Rooleei'* on their reapectiva 
branches. He patrula along thmmain line, prevents tbelV stops leakage, and looks 
after the general preservation and economy of tbe canal. The other ** Kooleea*’ 
acknowledge him as their chief: and not unfrequently he extends Lit beat to partieu- 
lar^ branches, and aees that the duties of bis ** ^bordinate agency" are properly dis¬ 
charged. 

On the ripening of the spring-crop, tbe ** Koolee" proceeds to collect his does. 

Unlike other village servants, who receive a portion from 
every harvest, bis perquisites are limited to the spring ; 
and he recrives nothing whatever from tbe autumn or rain crop:—the reason pro¬ 
bably being, that the autumn harvest is matured by rains from heaven, and is less 
dependent upon artificial irrigation. 

« He ii entitled to receive from every plough of land, (t. e., from every twelve 

acree of cultivation,) twea^ aeers, local measure, of wheat; 
equivalent to about eight leers, ncoording to the standard 


Bfflclammta 


BisMkuKoti. 
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weight of India. On thii canal, mlthoogh each “Koolee** coUecta the daea lerlabla 
on bit particular branch, he doea not enjoy the whole proceeda. The colleetiona, 
from each cut, are brought to a common fund, and on a pren day all the canal offioerf» 
including the *' Koolee” of the main line, meet at the bead-qiurtcra of the canal, and 
make an M^utl and arbitrary dinaion of the proceeda: the division not bearing any pro* 
portion whatever to the extent of a man'a juriadiction. The average receipt!, by each 
*'Kooleo’* on the Shurm Kool, amount to about fi/^een inaunda of wheat a year, or 
aix maundi pveka. The ** Koolee** on the mmn line geta no more than hia bre* 
ibren. All ahare alike i and apparently they are well aaiisfied with preient arrange¬ 
ments. 0 

On other canals of leaa extent, there ia usually only one *'Koolee," who doea all 
the work appertmning to the ofKce: and of courae receives all the perqitiilica. 

Water appears generally lo abundant, that there are no strict regulations regard* 
^ , ins its diatrihution. On most canals, every man ia helped 

m turn to as much water as ever be rcfjutret for the latura- 
tion of hia fields; and probably his turn will recur and find him unmindful of the 
water at hii disposal. On other canals, where the supply ia not more than equal to 
the demand, some little economy ia practised. A cultivator will look out anxiously 
for his turn, and perhaps be tempted to invade the rules, lie will probably be 
limited to a certain quantity of water for a given extent of ground. The common 
proportion is a cut of right fingers long, by three deep, for every plough of land. 
But this is the utmoit attempt at Umitatiou. There ii no practice of restricting the 
Dumber of irrigations, or of regulating the supply to the nature of tlie crop. Kach 
man is entitled to a certain amount of water which he may take until the whole of 
Ilia land ia thoroughly saturated, after which bis neighbour enjoys the same p'-.nlege 
n Lis turn. ^ 

By^nd-bye, when the settlement records come to be prepared, these unwritten 
laws must be reduced to record; and precautions taken to provide agalrst that con* 
tingency (notffor dls^nt) when by the reclamation of new lands tJ) demand for 
water shall equal and afterwards exceed the present supply. In wch a time, a 
knowledge of the rules in force in less favored localities, such as Nuggeeiiah in Rohil* 
cund and the Dehra Doon, will serve the district officer in good stead; and enable 
him through the agency of the village canal officers to introduce many useful reforms, 
and prevent much conteotlon and fighting. 

In former days, when a new canal was projected by Government or any influ* 
Mode of procedure on pro? «ntial person, the direction was assumed without any heed 
jecUng a new ooniil individual inconvenience entailed. No one ever 

thought of listening to remonstrances; and the people quite understood the folly of 
preferring them. Every obstacle had to succumb to the public good: and the ]iue 
would run through cultivated fields and farm-houses; and all parties wonid assent to 
the measure as a matter of coarse. The Government were expected to remit the 
revenue on lands taken np by the eourae of the eanel. though they won!^ not allow 
iny compensation for loss of profits. They wonid also undertake to build another 
house in the place of the one they had summarily demolished^ But they had no idea 
)f postponing or abandoning a public work, because private rights were infringed, or 
uiy hoXi refractory ryut venturi to oppose himself to the general weal. 

In canala projected by the people, there were not likely to be objeetioni. 6 uoh 
sanals were the results of fiend jide combinations for the general good; and the 
Dcsiure was sure to be thoroughly canvaiied and underitood before the line was 
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settled. It WAS not likelj tlist auj enlliTAtor, with the prospect of certein tnd 
luxuriant harvests^ would refuse to contribute his labour, or demur to the abstrac¬ 
tion of a little land. Uii scruples, if he were a sensible man, would be overcome in 
a village committee; bu4, if he was obstinate aud deaf to all a^menC, the people 
petitioned the Government, aud the line was eommenced without further deXtj. 

With BO manj canals intersecting dUe country, the reader roaj require to know 

Mod* of croMire ioierwct- #rr*ngement» in force when two cnnnl* meet. Such n 
iug nnsla contiugcncy, notwitbeUnding the multitude of cuts, very 

rarely occurs; for every canal bemg destined for a specific villige, runs on its course 
with scarcely any chance of mcountorii^ another; and it is only in the esse of the 
longer canals, that lines cross. In such emc^ncies the people have a ready expedient 
in building rude aqueducts of long flat stones, which they lay across the lower canal' 
and overlay the stones with clay. On the sides they build up a small embankment 
of clay, sufiieient to retiuii the water in iii rapid passage over the lower cut. Where 
they cannot get flat stones or slates, they use timber planks; and the water is crossed 
over without any loss or damage to cither line. The country falls so rapidly, and la 
BO undulating, that it is the easiest matter pouible to keep one canal on a sliglitly 
higher level to the other, and thus to arrange their crossing* 

III this canal of Kirpsl Chund, notwithstanding its course of twelve miles, there 
No wy$Um of rwlating « "o attempt at reg^ilating the levels by the construction 

of weirs or masonry falls. I1ie canal (and indeed all 
other canals) simply follows the level of the country in its gradual but rapid descent 
to tlie Beas: niid the water comes tumbling along with all the noise and vclodty of 
a mountain torrent. One would naturally expect that such a rapid current would 
soon convert its channel into a ravine; and undermine its way to a level so much 
below the surface of tUc country, as to render the water unnrailable for the purposes 
of irrigation. But it is a strange enigma to me, to observe that the canal, although 
A century and a half have passed since its exesvation, still keeps on the surface; 
and the people experience no iiiconvcnicnce or difficulty whatewer in taking the water. 

I believe the reason to be, the number of granite boulders thrown off from the lofty 
clvain of bills to the north, which strew the valley in all directions, and of which the 
undersoil is principally composed. The canal flows, 1 may say, on a bed of boulders, 
looping down one, to dash itself upon another; and by the intervention of these 
huge mssses of rock, is prevented from cutting deep into tlie soil, as under other 
circumstances, I presume, it would. 

1 should mention, that ** the Dhurm Kool’* possesses the peculiar privilege of 

Peculiar privilew of “ I>huna Kool” in w*JDg clay with the etone in iu embankment at 
couitruaiou <3 eifiboukment. tlie canal bead. All other canals are restricted 

to*bare stones, through which, of course, a good deal of water escapes. The ** Dhurm 
Koor* alone is allowed to use more tenacious material, and to construct an embank* 
ment nearly water-proof. This privily is jealously insisted on: and I bad lately to 
pay a visit to the canal heads, and to warn the others to use nothing, but the bould* 
era in the river-bed, with a fev green sticky to bind the mass together* 
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THE JUMNA CANALS. 


Effort OH the in/fuettee of the Jumm Cona/e on the Jumna Micer; by LikvtekaHT* 
Colonel T. 1'. Caitixcy, HupenetemieHi of Cenalt^ N. W. Provinete, 

The quntion—^'How Jir do the CaneU on the Jamne influence the cepebilities of 
fi ard* tb Mtioo nter, aa a nangable line? or. How far will the Gaiigea 

Caiia), uow under conitructioo, affect the Gonget rirer ?" has 
Darif5)l?1^ riven, 4s frcquentl/ asked, frequently discussed, and with no 

better result, than the Mrti^s, >Yho are most ojiposcd to 
each other, remaining with their ori;^)al ricwt unaltered. 

2. —The only practical illustration of the Jumna < canals not destroying the river as 

a navigable line, was shewn in cotton boats of a large ton* 
"“g® ronrliiiig Agrn, and boat, of ollipr deaeriplioni arriT- 
were srouudetl. jng At a higher point of Its course, and this too at a period 

when the ('anals carried away the wliole of the observable supply of water which it 
reccive<l from the Himulayns. Tlie argument for the Ganges was founded on titis 
fart, and in page 63 of my printed Report, the grounds for my ojnnion on the effect 
upon the Ganges, by the Ganges Canal carrying off the whole of the observable 
Himatnya supply of that river, were given in detail. The Argument was perfectly fair, 
and clearly philosophtcsl. With natural phenomena eorresponding, similar results 
were to he anticipated. 

3. —There rcuiaincd, however, one process hy which wc might arrive at more pre¬ 

cise conclusions; and this offered itself, in our ab 'ity to 
Prftvrf«< by ttblull more ort- ^losc the Jumna Canals for certain fixed periods, and by 

vua n>nrIns*JOU could U>. . - . 

arrived au throwing the whole of the water, that formed theic supply, 

hack into the parent river, discover, tlirougli tUr interven¬ 
tion of river-gauges, the exact xalue of inenmient depending thereon. 

4. —The Agra Gove*iimcnt having warmly approved of the e.vperiinimt, and direct¬ 

ed no time to he lost in carrying it inP> effect, measures 

S..iwri..ti nd.-»U of ti.c caMmi ni.ct 
piduntUotwcarrio^loiiL ^veslcrii Jiiuma ('otinls, to determine on pcriuilY of the year, 
when the test could be best applied, witli reference to the object of the cmiuiry. nnd 
at the same time, cause as little iutcrfercuce os possible with the irrigation of crops 
and the interest*! of the farmers. 

^V^th the sanction of Government, the eastern and weMcrii Jumna Canals 
» . . , 1 I- were stopped, and the supply of water tlirown hack to the 

rioientv. Jumna, for lour days, at lour periods ol the year, as follows: 

Ist Quarter on the 21 it, 22nd, 23rd, 2 Uh December liilH. « 

2iid Quarter „ 1st, 2ud, 3rd, 4th April IH ID. 

3rd Quarter „ let, 2nd, 3rd, 4tb June lfl4D. 

4lh Quarter „ 30lh Sept., Ut, 2nd, 3rd October 1^10— 

• PunsaU or water-gauges having been carefully establislied. at the followbg points, 

on the river below them : 

Dchlle, distant from Canal Ilcadi 11/{ miles, 

Muttra, ditto ditto 201} », 

Agra, ditto ditto 321} „ 


ditto 

ditto 

201 } », 


ditto 

ditto 

321} „ 

• 

ditto 

ditto 

H 

4J1} n 

# 
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The regiiten were kept for e ccrt^n tiaie previous)j to the ebove datci» and for e 
period, supposed to be sufficient)j extended to sulmit of the full influence of the 
Csnal sufp)/, afterwards. The rasters were to be taken three times a daj during 
the periods noted, and rain-gauge reports, with any other necessary inforxnatioD, were 
to accompany the returns. 

6. ^With exception to the registfrs from Agra and Dehlie. which are imperfect, 

(e)ie former in the 2nd and 3rd, and the latter in the 1st 
Eocords kept quarter,) and also from the total absence of tliat from Eta- 

wah during the 4th Quarter, arising from the river-gauge having been ^vasbed away, 
tho records, the whole of which accompany t)ut paper, were satisfactorily kept. I 
And, however, tliat,snffidlbnt time was not given at Etawah for the effects of 
the rise of the nver being shewn, as exhibited in the 2nd Quarter, when the register 
terminates precisely at the period when the excess of water was coming into opera¬ 
tion; and eecoad/y, that no results can be derived from t)ic triple daily measure* 
ments. My o))servations arc iherefore confined solely to the recorded height of 
water at 6 a. m. daily. 

7. ^A fall of rail) in tlic upper parts of the Jumna valley, as well as at Agra and 

Muttra, previously to the commencement of the observa- 
Nolo on tlio lii Quarter. fQ|. |>eccmbcT 1848, is exhibited on the diagram by a 

defined tliough slight rise of the river at Dehlie, Agra and Muttra, more iiidiitinctly 
marked at tlic Etawah river-^uge. Tho usual cold weather raijis however had not 
fallen, so os to offer any interruption; so tliat the diagrams, exhibited on the 1st 
Quarter of the Tabic, may be accepted as a very fair test of the experiment. 

H.^Thc Canais were closed, and the whole of the water was turned into the 

main Jumna at 7 a. m. on the morning of the 2tat. On 
l)ato of do nas and openiotf the evening of the 2'ltb December, the river was deprived 

of this supply, the water having pushed down the main 

river for four full Jays. 

9.—The effect of this additional supply upon tiie river, appears to have been 
Effects on Uic Jumna as follows:— 

In 5 days the Jumim commcncetl rising on the UeliUe runso). 

It 0 „ „ „ n II Muttra „ 

It 11 iy >1 It It It Agra „ 

>■ t» ti tt n » Ktawftii „ 

The gradual rise being distributed at each water-gauge amongst four days, excepting 
at Etawah, wiiero the rise continued for a fifth day. 

The total rise on each water-gauge U— 

At Dehlie, •• -- 151 inches. I At Agra,. 13J inches. 

' „ Muttra, -- - 13' .i 1 „ Etawah, -- — \4 „ 

The rate of progress from 

Heads to Dehlie, ..- -- -- 29*5 miles per day. 

Deb lib to Muttra. -• -- -- •• 28-5 „ 

Muttra to Agra,--.30*0 „ 

Agra to Etawah, .- 32*5 „ 

or averaging on the whole distance of 4511 miles, an advance of 30*1 miles per day, 
or 1*85 feet per second of time; equal to 1*254 miles per hour, a rate which, with a 
section of rirer like that of the Jumna at this period of the year, may be considercif 
a fmv average approximation. 

2 
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10. ^The declioe of (be riror^i height, after the maximuin pomt had been gained, 
appears, in ever^ case, to hare been more gradual than the rUe, and oo the fourth 
daj from the commencement of the decline, the height of the river.was consider^lj 
in exceaa to that four da;fa previously to the commencements lu fact the surface of 
the rirer. at this period, appears to hare been permanently affected by other causes 
than tlm Canal supply, as it continued on a higher level than it vas when the Canals 
were closed. It will be observed by Uie diagram* that at the period when the 
observations commenced, the Jumna was lower than usual, and the reslilt of the 
experiment was, in all probability, more conspicuously shewn, 

11. —The river was affected by rain, or some ether cause, previously to the 

. Canals being shut^ this is very distinctly shown br the 
Uiagrani. This affection to the curve is exhibited through¬ 
out the whole series of Dehlic, Muttra, Agra, and £towab, and it gives ns another 
element for determining the progress of the flood water. The effect upon tlie Jumna, 
by the shutting of the Canal, is unfortunately not dhewii at Etavah; the observations 
having ceased previously. 

12. —In this dingram. however, we have two distinct and well-defined series of 
curves I the first arising from extraneous causes; the latter from the experiment in 
jirogress. In each case there is a remarkable coincidence in the progression of flood 
as shown by the high water marks; a coincidence common to both the 1st and tho 
2nd Quarter. 


Ist Quarter, 
2nd Quarter, 


-• •• -- Canal flood, 

f Ditto, 

. I Extra flood. 

Hie total rise in this Quarter was, 

At Dehite, 

„ ^5(uttra, • 
^ „ Agra, 

I mM to 


Dchlie. Muttra. 
I 




I 

1 


& r> 

Si 6 


Agra. 

7 

7 

7 


Etawali. 

II & 12 
0 

13. 


The gradual 


• > 12} inches. 

• Ifti 
- iOi 

the Jumna bring effected in four days at Dcb)ie, and in only 


SI 


fP 


three days at htuttm and Agra; the decline appears to be less rapid than the rise. 

but the effect upon the surlkre of the river is a sensible one. 

13.—'I'lie Jumna river was gradually rising at tlic period when the Canal was 

closed : whatever effect the Canal siipnlv mar have haduoou 
Note on the 8rd Qourler. ... . , • -i. i* * • 

' the nver, it u not shewn m the diagram; the curve being 

on the ascendant and continuing, with little variation, on the ascendant throughout. 

H.—Here the Canal supply has no effect upon the surface of the Jumna river. 

Note 00 the 4th Quarter, which is rapidly on the deaceudant. 

15.-—From (he above observations, and from the curves of the dii^QS whidi 

accompany these, I draw the following conclusions 

Irf.—Thai the higher the water is in tho Jumna, tho less U the surface of 

the river affected by the water taken away fronf it by the 

Canals. ^ 

2fld/y.—That the Canals only affect the surface of the Jumna river when that 

river is low, f. e., during tho cold, and the early part of the hot weather; especially 

in the early part of March. 


Deduoiiooa 


* Tiiff Appoudis. 
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3r(//y .—Thai llie maximum afTccliou occurt ui the latter pari of the cold wea¬ 
ther, and ID the early part of March *, and that tlie riae of aurface, noted in the 
of the lat Quarter, of from I5| io 13J inches, in December and Jinuary 
Idi8-t9, may be considered a fair maximiun effect upon the river during those 
months. 

Were boats sticking opon a sand hink, or on the top of a rapid, the above rise 
of sarfnee would, in all probability, relieve them; but ills questionable whether, tiaing 
the term ** navignblo river^ os usually applied,theJuinnn (considering the wide expense 
of its bed, and the numerous ahonU tliot dlstiognish iu course, from the llimalayoA 
to its junction with the Chumbul below Agra) would, with the additional rise of 
surface above noted, be more favorably open to navigation tlian it is at present. 

16.—At any rate the above observations confirm the assertions that have been 
mode before, that tlic subtraction of a supply for the CnnaU only effects the Jumna 
river during three months in the year, that is, from the middle of December to the 
uiiddlc of March : at which Utter period the melting of the snow in the inountalns 
boa n visible effect tq>on the river. 



PART n. 


PONTOON BAIDGE. 


hy Captai^i J. N. SHAtirB, Exteutite Eityineer^ ok a i^on^ooN IlriJyet ew%HfUtt^ 

iny ot Jyrn, under the Superintendenee o/ Mk. C« C. JACKAorv, the Mayutrnte, 

(with Eetiwite and Ptan.) 

4 

8pkcificatton. 

Before detailing tlie description of Pontoons proposed for this Bridge, 1 should 
sUtc tliat three of (hem have already Imcii prepared under the superintendence of 
Mr. C.C. Jackson, titc Magistrate of Agra, formed into a ralt and Inserted in tbebody 
of the present bridgu of boats, and thus haring been submltUd to actual trial by passing 
over them the nbolo of the captured Seikh Ordnance, may be considered to answer 
their intended purpose; the specification will therefore be confined to a description 
of the original design as carried out by the Magistrate, and the estimate framed 
upon it, with a few obscrralions from myself of any iuiprorcmeuts which a •consider* 
alion of the subject may have suggested. 

2. —The Pontoons as eouslnicted are cylindrical in sliapc, with conic^r .ends, the 
sembaxis being 4 feet; the diameter of the Pontoons is 5 feet H inches. tl> * length of 
the stroight portion is 22 feet, making the total length 30 feet* ''lin Pontoon is 
composed of sheet iron from *one-cighth to tlircc*sixteenths of an i'*s'lk thick. Tlie 
plates well rivetted and the interior trussed with iron tires or ring^ at every sheet of 
iron. A man*hole is provided for eiaznining tlic interior and pnmjiiiig out water. 

3. ><^The centre and two extreme baulks or beams supporting the roadway lie 
upon saddles bolted to a trussed framuig within the Pontoon, os sl>cwn in acetion, the 
upper and lower pieces of which are kept in position by two uprights, tightened by 
wedges. The saddles ore composed of 4 pieces of wood firmly bolted togetlicr, 14 
inches in thickness, and rising 12 inches above tlie top of the Pontoon. The baulka 
or beams which rise in the saddle are composed of two pieces, measuring d by 22, and 
one of 3 inches square bolted into the saddle. The intermediate beams, which arc 
2 by 8 inches, are let into cross pieces mortised Into the priiidpal beams. 

4. —The Pontoons are 18 feet from centre to centre, apart; the roadway 2^ feet 
in width composed of 2 inch fir planks nailed down and covered with an inch of earth, 
kept in its place by side pieces. The roadway to be protected by a railhig of light 
chain, on posts fixed at intervals of 6 feet. 

5. —As already stated, three Pontoons of the above dimensions have been made 
and inserted in ^e body of the bridge, in which state they draw about 2 feet 10 
inches of water, and as it does not seem advisable that the centre of each Pontoon 
should be depressed more than 6 inches under any toad that may be brought upon 
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the bridge* (in which case it would draw 3-^10 inches) the load that would depress 
it down to ^at leeel would be about 10,000 9». Now, the roadway being 25 feet in 
breadth, and the Pontoons 18 feet from centre to centre, this weight would g^re about 
22 ft a. per superficial fooh The greatest load which could be brought upon the bridg;e 
would be about 70 fts. per superficial foot, and u it may not he possible at all times 
to prevent a rush or crowd of people upon the bridge, it seems scarcely prudent to 
trust to so small an amount of floaUge per superficial foot. I would beg therefore 
to suggest that the distance between the Pontoons be reduced to 16 feet, and the 
roadway to 18 feet in breadth, which would give 35 fts. per superficial foot of 
floatage. t 

6. —The principal beams of the roadway bare been made in three pieces for the 
saVe of economy, but 1 think that single piecei of 8 by 6 inches woold be in every 
respect preferable, and instead of the weak support given to the intermediate beams, 
1 would recommend saddles as for the principal beams; if the central distance between 
the Pontoons should be reduced lo IG feet, beams would be of sufficient scant- 
ling if only 7i by 4}, and 1 would make the saddle and trusses only 4) or G inches 
thick, preserving the bsys by intermediate puces; this could not add much to the 
weight of Ute framing, and when the Pontoons tske the ground they would be better 
able to support, without injury, the load passing over them. The planking, which is 
of fir, would, 1 consider, be Iwtter if 2j inches instead of 2 inches. 

7. ^Froni the changing state of the river, it is obvious that no determinate part 
of the bridge can be fi:Led upon for the passage of the river traffic; it seems tliereforo 
desirable that the central intervals of the Pontoons should Iiavc some reference to 
this object, so that the passage may be made in any portion of the bridge. From a 
measurement of the largest boats in the river it would appear that 20 feet could be a 
sufficient opening in tl^c bridge; now a nifl of 3 Pontoons would at 18 feet interval 
allow of 30 feet, and at IG feet would give an opening of 2G feet, and whichever may 
be adopted, a passage may be easily effected by making the raft about 4 feet less than 
the layer opening, and making that portion of the roadway oconpying the interval 
between the raft and the bridge to fall back by hinges. 

8. —The causeway for approaching the bridge on either side may be similar to 
that already made on tlie Agra side of the river, but it should be of sufficient lengtli 
to be made use of at the highest and lowest levels. The causeway, above-mentioned, 
is composed of grooved stoue slabs, and has a slope of 110 feet, it would therefore 
require to be 120 feet long; the difference between the highest and lowest level being 
12 feet. It would be more convenient to remove the Pontoons floating over the cause¬ 
way, before they strike the ground, and the small distance to be gained between the 
first Pontoon and the causeway may be managed by a platform, the beams supporting 
which should book on the Pontoon, the other end resting in rollers, the platform will 
thus of itself change its inclination as the river rises or falls within the limit of float- 
aUon of the Pontoon to which it is attached. 

9. ^1 have described the means of opening the bridge and approaching it from 
the shore, because I had not been made acquainted with the Magistrate’s views on 
this subject; and, as the means are various, it is probable that lie may decide upon a 
more efficient mode than I have suggested. 

The length of bridge required is about 1,242 feet, ^ving 68 Pontoons at 18 feet 
•part, and 77 at 16 feet. 
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ABSTRACT. 

JSHiiRate of Coot of Pontoon Pridgo* 

50 m&nnds of Sheet Iron» — •• 57]. 6 10 

10 ditto of Bar Iron, . •- •• -- -- •• •• 200 0 0 

Labor of mek^og up, •• •• •• -- •- 4S0 15 2 

450 square feet of roadway, ••• •• •• •• 376 3 0 

- 1.128 9 0 

Add 5 per cent. Contingencies, •• •• -• •• 71 7 0 


• 

1,500 

0 

0 

Add for C7 wore, •• •• •• -• —. 

- 1.01,500 

0 

0 


. 1,03.000 

0 

0 

If at intervals of 16 feet add for 9 more, - 

• - -- 13,500 

0 

0 

Onuid Total, Company's Rupees 

> •- 1.16,500 

0 

0 
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PONTOON BR1ME* AT AGBA. 

Report of ike Committee i^pointed Gooenment to report on the Ikon Pontoon 

Bkidgk, on the Rioer Jnmim at Agra^ fu., C. Aixkn, Eda.* C. S., Rretidtnit 

Major Pillans* Captaik J. R. Oldfjku)* (Enpineerey) and 

Captain J. A. Wkxxkk, (Engineere,) MeToben. 

(7^ wAici II appended o Sfimoriuutum regarding (At Bridge c/Seatt at DtlUu, 

Ap A, A, liohtrU, Z^9<, C S-) 

Deocription.^^The Bridge over tbe JumnK at Agra conalsls of 70 Pontoons 
placed at central distances of 17'; apart, and is tlius 1,256 long. 

2. «—The Pontoons are hollow cylinders of sheet iron, their length is 30 feet, 
ineloding the ends, which are nearly paraboloids, with axis 4 feet in length, the 
cylindrical portions being 22 feet Tong, with a diameter of 5' 7* 6. 

3. «The two end Pontoons of the Bridge, and the two bearing the raised plat* 
forms which form the opening, are similar in form, but of greater length. 

4. —The roadway is formed of port laul and jiart fir wood planking, 2^ thick, 
lapported by three main beams bolted by double bolts into saddle pieces, which are 
themselves firmly fixed to the Pontoons, by bolts passing through the iron shell of 
the Pontoon, and accured to trussed woc^en frpinings witliin it. Between theso 
main beams, slighter beams are framed to give intermediate points of support to tliu 
planks of the roadwsj. 

6. -^Prineipte of CoHstruedon.—^TUt advantages and disadvantages, of close 
cylindncal vessels with conical ends as Pontoons, hare been treated of at length by 
8ir Howard Douglas in bis treatise on Military Bridges. He objects jirincipally to 
their bistability; and the form of Uieir prows, when submerged, arresting any floatiiig 
bodies which may he brought down to them by the stream. 

fi.'^The first of these objecUons has been met in the Agra Bridge, by the unyicld* 
iug nature of the superstructure, which has been formed by bolting each end of every 
main beam with two bolts to tbe saddle of the Puntuon. 

7. ^Tbis plan, of forming a very rigid aud nearly iucxtensible roadway, has the 
disadvantage of rendering it difficult to take the Bridge to pieces, as tlie strain on tbo 
bolts so binds them, that they cannot be extracted after having been some time in 
use, without injnry either to tbe bolts or beams of the structure. 

8. — Sfeadineu under pauing trs^c.^This rigidity of tbe roadway has the effect, 
however, of rendering the undulations of tiic Bridge, under passing loads, very triHing; 
an advantage wluch would amply compensitc for any extra wear and tear incurred, or 
strength required thereby, if the Bridge was one which conrinued to fioat throughout 
the year. 

9. —The Jumna seldom brings trees or other floating bodies down to Agra, or it 
would certmnly be advisable to ruse the prows of the Pontoon above the line of 
greatest unmeraioo. 

10. —The chief advantage of the cylindrical Pontoon is, that its form opposM the 
smallest resistance to tbe stream in proportion to the weight it will bear, 

11. —disadvantage at Agra, or in any river subject Co become shoal, is the 
depth of the parts immerMd, in proportion to the breadth, which causee the cylln* 
drical Pontoons to take ground much sooner than if tlicy were boat shaped. 
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12. — Snoyontif ,—The buojsticj of the Agra Bridge leems to be quite sufficient 
.for the traffic, (vide Appendix A.) No ordinary loads are more than 30 lbs. per 
superficial foot of roadwajj or 12,720 lb$» (about lofimaunds) on the surface of 
roadway supported bj one Pontoon i and as the rigidity of the Btructure of the roadway 
distributes the weight placed on any Pontoon on at least two others, the actual 
depression, unless the adjoining ones were equally weighted at the same time, would 
be considerably lessened, perhaps to that due to only half the weight passing over. 

13. —Considering the Pontoons as cylinders 22 feet long, snd averoging in dia* 
meter 3' : 7d" (for they vary sU^tly) and their ends os paraboloids 4 feet long, the total 
buoyancy is 3D,875 lbs* The weight of the Pontoon^fouud by means of weighing its 
component parts in the scales, is 5,529 lbs. 

11.—The depth, at which an unloaded Pontoon floats freely, was found by trial 
to be 14*125 inches, whilst the weight due to this immersion is by calculation 
5,502 lbs. 

15. —The weight of the roadway may be taken at 7,912 lbs. found hy counting 
and weighing the iron, and measuring the wood work ; taking the specific gravity of 
Saul at 803, and of Deal at 0*10. 

16. —These specific gravlUos were obtained by actual weighing of apedmeni of 
wood used in the work. 

The weight of the Pontoon, •• •• •• •• «« 5,529 Ibi. 

Added to the weight portion of roadway 21X17^ :8* i 7,9*1 i „ 

—- 13,473 lbs. 

which la rather more than equivalent to an immersion of 25 inehes. A eight of 
C,464 lbs., or about 79 maunda, in addition to this, would immerse the Pontr/»n to half 
its depth, and twice this weight would immerse it nearly 9 inches mon*, and this 
being equivalent to 158 maunds, or al>oat 30 lbs. per square foot of ro^d^'ay, may be 
considered as the limit of ordinary traffic. , 

17. —A crowd of people, Jcnscly packed. Is estimated to weigh 7 * lbs. per square 
font. A less weight Umn this, or about GO lbs. per square fool, would bring the roa<I* 
wny to the water's edge; but besides that such an occurrence ought never to be allow¬ 
ed, (iierc woiii<l he little danger even if it did, as then the 8ii|>crstructurc would itself 
float, and bear the increased weight. 

18. —and ncMoef o/ Moving tMe Poniowi mJ 

Ptiffffe to tke dt^erwg eiaiee nf the Rhtr ^—Tins is principally affected by the oxyda- 
tion of the metal. This is greatest in those Pontoons which rest on the «ct sand of 
the river bed. Indeed, so great is it in this rituotion, that it is cssentialiy necessary 
that means be taken either Co prevent it in part, or to support the Bridge on )>ilc8 for 
half the year, and this would perhaps be the most eligible plan, hut for the diffivalty 
of taking the roadway to pieces, and re-constructing if, for though so long as the Pon. 
toons float, it is easy to depress them singly, ajid dctacli them from, or attach tliom 
to, the roadways after they have become bedded in the saud, they are very diiKvuU to 
remove, and to replace them would be still more difficult. 

19..Suppose them taken away, it is evident tlut it would not be safe to wait 
for the rising of the river before replacing them, as it might very probably rise too 
rapidly, from tlio level at which the Pontoons would dost, to that at which liie roulway 
was supported by piles or sUnehions. But for their oxydation, the Pontoons would 
make excellent pien. , 
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20. *^The pTmntion of thii «nl is s prscticsl probUm» which must hate received 
the sttention of all parsons concerned in the construe lion of iron ships ^ and applies 
tion should be made to the dockyard Engineers of Calcutta* for information regard¬ 
ing the most approTcd precautions for preserving iron in contact with moisture. Per¬ 
haps in the preseut case, Sir Humphrey Davy's su^estlon of inducing Galvanic 
agency, by the application of copper and sine plates to the boats in contact with the 
stream or wet send might prove applicable. 

21. *~Tlie ozydatiun of the iron, so long as it remains in running water, does not 
appear to be considerable, and is fairly met by a liberal use of Coal Tar, though per¬ 
haps plates of sine would be tbe Cheaper preservative, especially as their renewal would 
not render necessary tbe removal of the Pontoons. 

/or fAeposetfpe Tbe method that bos been adopted to 

give an opening in the Bridge for passing vessels, is by means of a raft of two Pontoons 
made longer than tlio rest; on cither side of which, a platform is made, movable on 
bingos, so as to connect it with tlie remainder of the Bridge on eitlier side. These 
platforms are raised by means of an apparatus, consisting of ropes passing over two 
StandorJs erected on the mot able rail, and worked by a windlass assisted by pul ties. 

23.«Tlus plan of opening the Bridge is rather more complicated than the usual 
one ofhaving a Pontoon at each end of tiic movable portion, and probably more difficult 
of minagemcut in a strong current; it has the advantage however of floating on a nar¬ 
rower base, and being therefore well adapted for a^inrrow stream ; and in the Jumna 
there might not, in the dry season, be width enough of stream capable of floating three 
Pontoons, nt 18 feet Intervals, and also of drawing them up on one side, wluch would 
require a stream of 72 feet wide, mid 32 to 4 feet in depth. 

2*I.^In consequence of tlic manner in which tbe superstructure Is put together 
in its length, any cliau^ of place in the o])eniiig would bo attended with much 
ezpensc and delay, os no portion of tlic roadway can be tokcu to pieces, without almost 
wholly breaking up luch ]iortion. 

/or mp/'orcMc^fs ta Constnteflok.^A defect in the carpentry of 
the roadway must also be noticed. Tlic planking is supported by three principal 
beams, placed at 9 feet apart; these s]iices are fitted with intermediate beams, put 
together in the same piano, by means of mortises in cross beams, attached by iron 
plates, bolts and scrcas to the principal beams s the whole of this framework is 
exceedingly weak, with a great and useless expenditure in bolts, nuts and iron 
plates. 

2G.**Two additional main beams would obviate the necessity of any intermediate 
/raming. These main beams are each of two pieces 8^* deep and 3* broad with an 
intermediate piece only 4* deep. This middle piece, besides adding to the total width 
of,.the beam, is useful for nailing the plan king to; thus saving the pHnclpal beams 
from injury from this cause, which is a clever and economical expedient. 

37.—cos/ o/ t^prcKHi The estimate was lU. 1,500 for each 

Pontoon, complete with roadway, and it baa not been exceeded. Seventy Pontoons 
have been finished; of these six ore of extra sire, vis. four for the two kulfics (or water 
ways for boats,) and two for the extremities of the Bridge, to receive the first shock. 

28.—The statement sobmitted by the Magistrate to Government, in October 
1847, shows an actual expenditure of Ik 1,18,06*2-10-5 to the end of September; since 
then, during the months of October and November, Bi 6,163-9-11 were spent, which 
gWei a gross total of Ba 1,33,326-4-4, to the complerion of the Bridge, 

2 
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29.—From ibis most be deducted s sum oflU. 2,500, advAneed for the boilding 

7ie 7 4 Ghaute, and the ralue of the xnaterialB 


tmn loet tax tbe Bivei*, 
iMitl Timbers, 

Nwli. ... .. 

CoilThr, .. 








. 1.130 0 0 
. 140 0 0 
. XtiO 0 0 


DoduAt refuse wood, under 
mated mabitno^ 




lU- 




3,070 7 4 

150 0 0 
1.020 7 4 


OQ hand: or Its. 12,306-12^. In the abstract 
appended to the Magiatrate's statement, they ate 
estimated at Bs. H,293r3-10$ but Mr. Moc; 
kensie i^orts that mAterials to the raiuo of Bs. 
1,920*7-1 hare, during October and Noreuber, 
been eapended. 

SO.^There arc itezns to the value of Its. n,d41, classified in (his abstract at 
*• items not estimated for j** but with the ciceptioli of Ba 2,500 advances for the 
Ghauts, they appear to the Committee os fairly forming part of the cost oftlie Bridge> 
for instance, tho expense of building workshops has been included, because they were 
necessary, and will be, for the repairs of the Bridge, 

31. ‘•-The actual cost of the Bridge has therefore been Ra ],08,3 j9*S*0, 

Tho items unpaid for, arc the pullics and ropes necessary for working th^kulfiei, 

and iron cables for anchoring the Pontoons, 
should such bo nsfd. Compare this with the 
estimate 70 Pontoons, at lIs. ],r»00 each. 
It,SCO 12 4 would cost 1,05,000 t—the surplus of lU. 3,359 
8 0 is only a fair set-off against the extra site of sue 
Pontoons. 

32. ~Thc Vs. 1,500 eatimated for each Pontoon ap|)ear$ to hare been Prided nearly 


nr«4« ezpooditurs. ... 1,23430 

iMduot aUmiced for 
Cljauts. ... S.AOO 0 0 
UateclaU on baud, 19400 12 4 


4 4 


in the following proportions 





For 

' out. 

For ail. 

Sheet iron,-- •• -- •* •• — -• 

— 390 

X 70 

^ 27.300 

Other description of iron,-• -• •- -- •• 

.a 210 

X70 

^ 14,700 

Maiiulocturo of iron, incinding cost of Coals and Charcoal, 

kc^ 500 

>: 70 

— 35,000 

Timber, •• •- -- -• -• -- -• -• •- -- 

-- 300 

.< 70 > 

21,000 

Labor on wood work, •• -- •• -- — -- •• 

- 100 

X 70 m, 7,000 


1.500 


1,05,000 


Now classifying the actual cost in (as nearly os may be) tlic same divisions, we bave-^ 


Sheet Iron, 

Other descriptions of Iron, 
Labor on Iron work, 

Timber, •- •- •• — 

Labor on wood work, •• 

Establishment,-- -- .* 

MUcellaneous,-* — 


37,635 

12 3 




13,488 

1 6 




24,809 12 10 





■ 

75,933 

10 

7 

26,003 

8 0 


9 


9,851 

5 4 






35,854 

13 

4 

2.729 

8 7 




6,208 

310 






8,937 

12 

5 


Total, ..1,20,726 4 4 

Deduct value of Materials, -• 12,366 12 4 


Rupees *• 1,08,359 
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SKUBCTIOHS FBOU THS RICORDS OF GOVEANUDir. 


33.—Tlic cost of tbe roadway is motif than tlic Its. 35354*13« 4 claasifiej uudef 
rioiber; and the cost of the iron Pontoons thcmselTet, is less than tiie Its. 7536^10-7 
classified under iron i for a considerable i^uantltj of cost))’ iron work has been expend¬ 
ed ou tbe roadway. 

Si.— probable toet of a«y other Bridge which mwy be hcrttf/ler eomtrucicd on 
ike fKtmCt or on eiwilar principle. —Tliccost of any other Bridge, constructed on n 
similar principle, will probably be considerably dienmished. For instance, the sudden 
and Urge druMvnd for sheet iron in tlie iiasar, raised the price fully lo per cent., and 
this was the heaviest Item of expenditure. The prices of otlior articles at different timea 
are not so easily compared, bbt most of them apparently increased in price as the 
demand became large. The experience gained, too, most facilitate the workmansbipp 
and lessen the labor. Again, as has been explained above, iho roadway has been 
constructed on an erroneous prhicijdo, and tbe suggested improvements In carpentry 


• ESTAllUSTIiniNT. 
Fob JvfirAins. 

8 BlAck<>mnhii, . 

i liViMl lUJlII, 

II Carpeaters 




Uftteriidi, 










do 

£» 

7:2 




will diminish Cite cost of tbe wood work, and will alnrost entirely supersede the irou 
work, Tnr\ph of whicli is very costly, in the roadway. 

for rttlueint; the CWf^The cost would be reduced very consi¬ 
derably, by adopting the suggestions for lightening the Pontoons, and for improving 
the roadway, and by purchasing tite raw matcriaU, particularly the iron and timber, 
at the cheapest marts. The market hero is too small to supply any Urge f|nQUtities 
of snch raw tuaterials, without a considerable enhancement of price. 

36.—3’Ae coft of mointoiHiuy the the eeteffliehMetd neeeuary for keeping 

U in repairt and working U, —Mr. Jackson pro¬ 
poses, for these ]»irposcs, an esublislimont, a$ 
given in the margin*. 11ns may be deemed 
sufHnent fur working the liridgc, but the Com- 
miUcc think it is impossible to giro any accurate 
estimate for keeping the Bridge in repair ; for 
that must depend entirely on the durability of 
the materials, which experience alone can decide. 

37.— Iheilnrubilitij of the water tale of which 
it u eontirHctcil. —Tlie iron Pontoons, if the 
corrosloii could be obviated, would last for very 
many years, rctiniring little or no repair. Tbe wood work has great stnuii upon it, and 
will apparently require constant and expensive repairs, but this question of durability 
has been adverted to in other parts of the report. 

38.—7^e probable average annual expenee of renewing the maferiaU. —The articles 
which will require renewing altogrther within the year, or oftener, are, cables for 
mooring the Pontoons, ropes for raising the platforms of Uic kulfiee, and Coal Tar for 
applying to the Pontoons. The cost of cables during the last year was Rs. 485-13-0, 
tlie cost of Coal Tar Ils. 658-14-0. Tlic ropes of the kulfics have not yet been paid 
for, nor is it known how frequently they will require renewing within the year. Mr. 
Jackson also proposes to sabstilute iron cables and cliains, for the ropes, which, if 
carried oat, will of course obviate those annual items of chaige. 

ZO.^Suggeeiuinefor redneieg ike probable coat of surM/raairee.—The Committee 
have nothing further to say on this point. 

40.—TAe comparaiiet adranfttgee of an Iron Pontoon Bridge, over an ordinarp 
Bridge of BocU a$ to ease ofpauogr, economf, and other coneideraHona which ehould 


Fon tvoQKtxo TBF BariMF. 

8 nf«*r)n 1 eo<lriU 0 <2omniMiun> 
ChuTinut-ecA, Uulkdj, tioiuaslitab, 
CootiUBcndcH, . 


IS? 

m 

tti? 


100 

i.*»i 

Cj 

319 


decide a preferenee.^Tho advantage of the Pontoon Bridge, as to ease of passage, 
cbaaisti in the lupcriority of the roadway constructed. M'ith Pontoons, which are 
light, it was necessary to make the roadway rigid, whilst heavy Boats oppose so 
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great a rosiatancc to the weight of pasnng traffic u to permit of the roadway being 
joined in a more flexible and economical manner. At the eame time, ebould thia 
extreme rig^dit^ be detired, a aimilar framework* ond roadwaj, could be applied 
with greater ease a)id leas expense to Boats* tliaii to cjlindrical Pontoons. 

41. —As regnvds econoisj* the whole question Idngrs on the durability of the 
Pontoona, and the case with which the roadegiy can be applied to Pontoons. Tlie 
price of Boats* in the first place* b less tliut that of the Pontoon* but that may be 
connterhalanced by the greater durability of the Utter. 

42. —In a valuable memorandum of the cost of the lUhIfe Bridge drawn up by 

Mr. Roberts, and forwarded with this* (See Appendix B.) it Is said seventeen Boats 
built in the Hills, cost Bs. 450 each, while one built at Dehlic, cost lla 665, and the 
price of the platform between the Boats U lU. H I. The length of one Boat and 
platform is above 27 feet* t. e.> u 3 to 2, compared with a Pontoon and roadway. 
The cost of a Boat and platform, taking the Boat built at Delilic, which is the dearest, 
is Ba BOO, while Ifrontoon b Bs. 1,500. * 

43. —The first cost of a Pontoon Bridge, u compared with a Bridge of Boats, built 
with platforms between each Boat, b ihcrclorc, as (1,500X3 or) 4,500, to (809X2* 
or) 1,G1B; in other words, the first cost of the Pontoon Bridge may be taken at two 
and tliree quarter times that of a good Bridge of Boats; were the platform of the 
Boat and the roadway, made of better materials, and ctpial in rigidity and every 
other point to those of ibe Pontoons, the first eost would be ]icrlui|>s nearly half that 
of the Iron Bridge. 

4 <]..^\Vith regard to annual repairs, it b difllcnlt to form a comparison, but it 
may be assumed tliat it would be nearly Cfiual. In the roarfirojf the Boa ? would 
have a slight adtwnt.'tge, for (he lightness of llic Pontoons would cause Agree .er strain 
on the framework: aiul in the Baoti themselves, the cost of i;pn], tarring asj remov*. 
ing the Pontoons, would for some years probably equal any rejiairs that new Boats 
would require. ^ • 

45. —Except in the porticiBars roentionHl, tlie Pontoon Bridge as csccntcd at 
Agra* may be considered as admirably adapted fur a rapid river, which never* falls so 
low as to allow the Pontoon to rest on its bed, whilst for Agra, i( uiny be thought 
that a more boatdike form of support would be better ndAptcil, as drawing less water* 
though opposing a greater resistance to the stream in proportion to its buoyan(y, 
than the cylindrical form. 

46. —As regards material, the question resolves itself into one of first cost, and com* 
parative durability* and for thb lost comparison wc Lav'c no data; whilst creo for the 
first, the data are iin|jerfcct* os by using an uniform thickness of iron, and dispensing 
with the greater part of the iron work of the roadway, a very great saving would be 
made in the construction of a second Bridge; perhaps as much os one^third of tho 
total cost. 

47. —It.may be added tliat iron is becoming every day cheaper in India, whilst 
wood is becoming dearer. The ordinary tables seem to show that theb. weight and 
strength are very nearly in Inverse proportion to each other. 

48. —I'he Committee cannot separate, without rvcorduig their sense of the admi¬ 
rable manner in wbich the Pontoons have been constructed, reflecting as it docs such 
credit upon Mr. Jackson, and the working Engineer, Mr. Mackensle. The Pontoons, 
some of which have been in ibe river nearly two years, were all as well rivetted* and 
water tight, as when first launched Into the river; and there u no Floating Bridge in 
the country, which can be compared to the Agra Bridge ibr elegance of |trucATf|^T 
for the ease and npidity with which the paMogc can be made, 
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APPENDIX A* 


A. (1.) The Pontooni mw W considered ns (ylinders, each 22 feet in 1engih» 
and ATeraging 5' i 7*6* la diameter, Uieir ends being paraboioidi, with an axis or length 
of 4 feet. 

The greatest buoyance, or irelgbt of water displaced bj one such Pontoon, ia 
39,875 tbs. 


With an 

immersion 

of*H*185 inches It is 

^5*562 

With 

ditto 

of 25 ditto it is ** *• 

13*333 

With 

ditto 

of 33*8 or i diam.it is •* ** 

19*937 

M*ith 

ditto 

of 42*6 it is ** ** 

26*512 

With 

ditto 

of 53*125 it is ** •* 

34*312 

With 

ditto 

of 67*6 or whole diameter it is-- 

39*875 fts. 


Bj experiment, it was found that a Pontoon floating froctj, drew 11*185 inches. 
A. (2.) The weight of a Pontoon, found b^ wclgliing its component parts, is aa 
follows 


36 sheets of iron ca. C' X XyV ** 

28 bent pieces forming ends do. 41 h>s. G oa, en. 

12 inner ribi ea. 17*5' X 2J* X J* do. 39 fl>a. 10 os. ea. 

2 arcular plates ends 8* diam. do. 3 lbs. ca. 

1 drcular end for fastening rings, 39‘—12) 

1 ditto ditto, -- — -• -- —21— 4J 

1 end ring and bolls, •* •• 4 

1 ditto ditto, •• — -« •• •• 2 —12 

Lead, — •• — •• •• -• *• 

3 Wooden frames inside,*- ditto-*55 lbs. each -- 



3,420 

1 , 151 ^ 

475i 

6 

—61 

-*20 

7 

• 165 


5,529 i 

.agreeing very nearly with* the weight calculated as corresponding snth the obserred 
immersion. Tho pieces of iron weighed, were selected by the constructor of the 
Bridge as aflbrding a fair arerage; very various thicknesses of plate, and forma of 
hu in the ribs, haring been necessarUy used, because there was no choice in the 
market. 

Iron plate in thickness and ribs of iron bar H*Xi' would hare been suffi* 
cAently strong j the cost would thereby have been much reduced, as well as the 
wdght; this last by }rd» or 1,642 lb., and the power of the Pontoon increased to an equal 
amount. • 

A. (3.) The area of the portion of roadway supported by each Pontoon is 
* ]7*8' X'24' dr 424 feet. The weight of this portion, found by measurement of the 
wopd work, and weighing cubes of both the Saul and Deal Timber used therein, also 
'^^unting and weighing the rariouj bolti, il 7|944 Sbl, aa per following 
dettils;^ 
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ik*atnj» 


Plants. -. 
Side Piccei, 
FotU, 

Saddle!, •• 
Ditto, -• 


N. B.—Saoolcs. 


Ko. Lexora 1). 

B. 



6 X 12';2'X9i*'X 

3 


1861*5 

3 X 12 : 2 X 4* X 

3 


465*37 

4 X 12:3 X 3 X 

8 

— 

1241* 

4X 0:6X8 X 

3 


969* 

-.12 X 17 : 8 X 2 •X 131 

— 

5724* 

- c X 17 : 8 X 1}X 

6 

— 

954- 

-ex 3!3 x 7ix 

6i 

— 

257*25 


• t 


3 . 3,00972 

4 . 027-92 

)3,4U970» or 107’ cubic feet of Saul. 


No. 

3 X X 9' X M' - 1513 


D. D. 


Segments. 

3X n 09 X 1^' - 46578 - 

3X5i'-X 8JXH'. 

4X4J-X 31 X 0'X3*-432 


104$'22 

1063.5 3009 72 


X 3 — 133 08-298*92 

4X <»';2'X 81 X3 . 629 —927’92 

Add Fir Planking. * 

No. 

12X17' sS^XS'X^l"—''l^»^^^i44-32-4 cubic ft. '^f Fir. 
Weight of Saul 107 X Vi*-^*872 
of Fir 32*4X Vi*—* 390 
of Iron. 676 


Total Weight of Boadvaj,-*^ 7914 Iba. 


Dalai) of Iron. Weight. 

If. 6. B. T. Ibf. oz. Total. 

Bolta,. 0* 2' IJ'li Us 12-70: 8 

No. L. WwGiiT. Total. 

Bolts, with Nuts, .6X2' Xll'XU “lb U ; 12 - 70i 8 

Ditto, ditto, . 6X1 XHX14“») 6: IJ - 36: 9 

Ditto, ditto, .21X1J X*! 8 : 12 - 183: 12 

Ditto, ditto,.47X1 X 4 X i “lb ! 1 7 } •- 69: OJ 

IMtto, ditto,. 12X4 X 4 X 1 “1b 1 s 3 - I4t 4 

Nails..391 @per 20 --lb 3 : 4 - 66: 3 

Bar!,. 8X3' ; 5'X2 'X 13 s 4 •• 106: 0 

Ditto,.4X3' 1 nx21XTV-1b 8:12 - 35: 6 

Ditto..16X1 : 4X2 X i-ft 4t 91 -• 73; 8 

Ditto.. 4X0 : 11X34X4-ft 5 : 6 - 21: 8 

oTenr 
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ULECnONS r«OH the records of go VRAM M ENT. 


APPENDIX B. 


MeUORAMDVM RK6ARD12<(i THE BrIDGB OF BOATS AT DeHME. 

4 

During the runs the main stream of the rirer u 085 yards broad at the Bridge 
of Boats. * 

Screnty-seven boats, and 52 double platforms, constitute the Bridge In the raina. 

Ihirlng the dry months it is accessary to brulge 513 yards, tvhich takes 06 boats 
and 47 double platforms. The Rater corers but 178 yards, in which there are 
23 boats and 17 double platforms. Tlie remaining 335 yards are sometimes dry, and 
sometimes (especially about this time) under water, and in tills part there are 43 
boats and SO doable platforms. Plans of tiic boats and platforms are annexed. 

There is a double road nay railed off on citlier side. Travellers and conveyances 
going from east to west are kept on one side, and those from west to enst on the 
otiibr. There is a pair of platforms b.*twccn the boati, with a few exceptions. Only 
18 boats belong to Government, the rest are hired, at Rs. 10 a month each, for which 
the owner provides a bo.it and a mullah to each boat. 

Seventeen of the Government boats were built in tbe Ilills some years ago, and 
cost lU 430 each; one boat was built in Dehlie, and cost lU. 00.3 ; a pair of plntformi 
cost Ra 141. It is diJbcuU to form on accnraie idea of the annual charges of a 
Bridge of Boats. 

Until 1840, and agmn in 1817, during both which years the Bridge was main* 
tuned throughout the rains, U was almost an annual occunence for the Bridge to bo 
carried away once at least in the year, and tin* capenic of |»uiting it together again 
very great. Here however are tbe rcccijits and disbursements for three yean. 


4 

Years. 

> 

1 

k 

if 

1* 

9 

• 1 

A 

3 

S^ 

• 

9 

5 

I 4 

\6 

R 

1-1 

:£« 

Q 

& 

• 

«5S 

%> 

i 

1844.45,. 

39401 

2I7C7 

3H85 

5002 

1438 

5409 

2879 

3402 

1815-46,. 

32957 

20764 

4191 

6221 

3238 

4734 

3061 

3814 

1846-47,. 

32061 

20083 

4196 

1378 

1923 

3017 

2925 

2711 

Average, -- 

31807 

22871 

4390 

5o;>l 

2109 ! 

4616 

3255 

3006 


It will be seen, that full two^thirds of the annual receipts are expended, and but one* 
third carried to the credit of the Perry Fund. This large outlay can easily be accounted 
for. Tlie Magistrate, who has charge of tbe Bridge of Boats, is required to maintain 
the communication betwee)i Sulcimpoor on the left bank, and the city ofDehlic on the 
right, the distance is full two miles over low sandy ground. At the height of tlie rains, 
there is scarcely a foot of dry ground, as the river spreads from bank to bank, and 
during the dry months, there arc generally three streams: first the escape cut of the 
^Canal) secondly, the main stream of the river about midways and thirdly, a small 
stream immediately under the walls of Dehlie. 
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In tbe rtins it is necefliftrj to Urry the pauengiera and traffic from Dehlie to tbo 
tnw atroam. This is crossed on the Bridge of Boats, and if the floods are high, 
recourse must be had to the ferrj from the other side of the Bridge to Suleimpoor« 
In the dry months it is necessary to keep up a bridge of C or 8 boats across the 
stream near the and another over the escape cut, besides this, the heavy sand 
from tlie dty to the great bridge, and from this to Suleimpoor, has to be made passable 
by jhao grass, &c., being spread, and the sand cleared away. AH these matters must 
be taken into consideration when comparing the cost of the Bridge of Boati at Dehlie 
with similar Srorks. 
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§tS.tCnOt9B TtLOU TBS «SCOSp$ Or GOVVANIIENT. 


FLOATING BRIDGES. 


COUFABATIVS ABVAKTAGES OV THK BklDOF OF BOATS AT DbIIUB, AND OF TUB 

Pontoon Bpiogb at Aura.* 


Gopentmeni Ordir, ccmmunieaied Muib, Rmo., Secretary io Gpvprnmtnf, North 

Wttim Propipcott to M. U. Ot'esiNs, Ebo., Mogutroit of Agra, daltd iith 

Juty S852, 

SiRr 

The Honorsbte the Lic^itenent^Goremor ie dewroiit to initltate a comparison 
between the flotiing bridges orcr tbe JumiiA at Dehlie and at Agra* of which the 
forner rests on country boats, and the latter on iron pontoons. Both of these bridges 
hare been maintained throughout the year for some years past, and they are situated 
on great lines oflratKc near la^ cities* they afford therefore a good opportunity for 
comparing the two modes of maintaining a communication across the river. 

2 . —You are intimately oc<iuaintcd with the two localities ond witlt the history 

of the two structures. Iti 1812-43* as Olficiating Magistrate of Dehlie, you had 
charge of the Bridge of Boats there* and as Magistrate of Agra paid much attention 
to tiio iron and pontoon Bridge here. 1 am therefore desired to forward to you the 
ftunexedt rough statemouti of receipts and disbarsements at the Dehlie and Agra 
Brldgos during the years from 1818 to 1851* both inclusive, and to rcijucst that yon 
will faror the Government with your opinion on the comparative merits of the two 
structures. You will ht able from tbo records of your own o8icc at Agra, to obtain 
any further information that may be rc<|uujtc regarding the bridge at Agra* and Mr. 
A. A. Roberts* tbe Magistrate at DehU'*, will readily furnish yon with any particulars 
yon may wish to ascertain regarding the bridge at that city. ^ 

3. —It is desirable that the two structorcs be compared with reference to conve- 
nienco of transit and economy of construction, so far as tbe experience of the lost 
few years affords grounds for the formatiou of an opinion. 


No. II-—Report dated 23rd Juiy 1852, by M. R. GofiBTws, Esq., MaffUiraitof Agra, 
addreutd to IV. Mviit, Eso., Seorelary to Goofmmoni, A^orM Weitern Provincte, 
tn repfy to GooenuatHt Order dated 14M duly 1802. 

Sir* 

I bare the honor to acknowledge your letter No. 2871, dated the Hth instant. 
Having preriously been made aware of Hia Honoris wish for the preparation of a 
memorandum upon the comparative adyantages of a floating bridge constructed as at 
Dehlie of wooden boats, and of one supported by iron pontoons aa at Agra, the sub¬ 
ject has engaged my attention for some time put. 1 beg now to submit the result 
of my enquiry for the information of Government. 


* Tide Pile 61 and 64 
t ride ApiwndU No. L 



DESIOJ^ Tf- A 3KX1>GE 

J 9SZ 



” } 
j 






































•nJBCTtOKS PROU THB RECORDS OP GOTXRIOIEMT* 


75 


2 .—The subject nstunlly diridcs itself into brunches, tU, 

I. —Vhich of the two bridges prores itself to be the best thoroughfare, and 
least liable to interruption? 

II. —Which of the two bridge proTeS'itsclf most on the score of economy t 

3*~This 1aticr*que9tioQ again embraces two distinct points of enquiry, yIsi 

I.—Which of the two bridges as now constructed is the cheapestT 

!!•—Wliich of the two would be the cheapest, if cither bridge were recon¬ 
structed with suth improvements as experience has been found to rocommeiid? 

4. —/’trW/y, which is the best thoroughfare? U|»on this point a very strong 
opinion has been recorded by the Committee wbic& sst in I81ti in the concluding 
paragraph of their report,* in which tbey have stated that there ia no floating 
bridge in the country which can be compared to the Agra llridge for the case and 
rapidity with which the passage can be made.*' 1 inrliue to agree with the Com¬ 
mittee in this opinion, but it must be qualified by the remark Umt there exists no 
bridge in the country constructed altogether of (jovernmeut boats, or in other words 
of boats of one uniform siae. J)ut, on the contrary, as the largest number of Govern¬ 
ment built boats in any bridge does not amount to one-third of the wliole,t so boats 
of different slse and tonnage arc iicecsiarily hired and moored together, causing 
irregular! ties or ascent and descent in the roadway, which would not be were the 
boats all of one site. 1 cannot discover any peculiar advantage iiecemrily attaching 
to the puntoou construction, ns respects esse and facility of passage, superior to what 
is attainable with bonts. 

5. —Viewing the Pontoon Bridge indeed in its present construction and r endition, 
I think a Bridge of Boats has the advantage in respect to rigidity of roadv ty, which 
of course is a main point in fneilitating passage. In this respect the r'icarki con¬ 
tained in paragraphs H and 12 of the Committee's report are no longer applicable. 
Each pontoon now sinks as a weight passes over it, almost inde] eiKieiilly of its 
neighbour, besides having a rolling motion, tfie two together eausnu in nry opinion, 
more undulation than there is in a Bridge of Boats. It will he cn in pnrogrsph 
27 of this report, that it is proposed to remedy the dervet of the pontoon's rolling 
by ail improved roadway comfirnction^ by aid of which, it will, I think, be altogether 
obviated; leaving thnii the iiKqualily of ruadwny raiucd only by the drj^ression of 
the pontoon in the water, to bo conipmcU aith that arising from the oscillation of 
the two gunwales of a boat. This comparison belongs to the third divisioji of this 
enquiry, and will he found in a succeeding paragraph, (rule paragraph 28.) 

_Qdt the more important question involved in this branch of the subject is, 

which form of construction best secures the jiasaago from interruptioR caused by tlie 
bridge being carried nwny? In this important point of coinparisan.thc experience of 
the past four years, 1818 to exhibits little difference between the Uchlie and 

Agm Bridges. Mr. .4. A. Boberte, Magistrate of Deblie, informs me (io paragraph 7 
of liU letter No. 116. dated the Ist instant,) that during the four years, 1818 to 1851 
ijicluvlve, the pos^^age across the bridge has been only once interrupted, wnd that was 
for four dova, from the Ifitli to the 19th February 1851, owing to a sadden risS in 
the river. 1 am lo'd that the bridge did not give way, but that several boats had 
been taken out of it for the sake of economy, the season not being one when much 
rain is expected; that the river rose suddenly, and access could not be had to the 

bridge. 

® rsge r»t. 

t Meaning of course the Average number required throughout the ttelve woutba 
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7. —On the other hand the annexed Memortndiun F., hjr Mr. A. F. Mtdtenaie^ 
(Bridge Engineer at AgrBf) shows that daring the same period the pawge orer the 
Pontoon Bridge was interrapted once onlj in 164d for three dijs, when a part ef it 
waa carried awa; bj a number of bearilj laden boata ranning foal of it. Both 
bridgea hare been kept np throughoot the twelre months of the jear. The Pon* 
toou Bridge has been canied awaj once in fonr jeare: the Bridge of Boats at Dehlie 
not at all; if Mr. Roberts is correctly Informed as to the caaae of the interruption in 
Febmaiy 1851, and indeed the season of jear at which it occurred, appears aufB* 
dentlj to confirm the account which baa been pren to him respecting it. 

8 . ~But notwithstanding this apparent disadrantage in the experience of the 
past four ^ears, 1 think the queation moat be decided in faror of the Pontoon Bridge, 
because obtjously^ 

Fint, the pontoons offer so much less resistance to the stream from their ehape 
and size than boats do. 

so much fewer moorings are needed for a^Pontoon Bridge, thereby 
greatly diminishing the difficulty of getting rid of boats or rafts running foul of it, 
and which in screral instances at Agra, hare been carried off by the stream under 
the Pontoon Bridge. 

T%irdlyt tlie pontoons admit more oasity and safely of being moored by chain 
cables, whereby security is much improred, aud 

FmtrtMij, they are much more secure than boats against the weather, neither 
admitting rain nor offering so mucii resistance to the wind. But further, the current 
of the river, in freshes at Agra, must necessarily be much stronger than at Dehlie, the 
stream being here compressed into a chanucl of less than half the width of that IcR 
between the two extremities of the new causeways at Dehlie. Tlie Jumna, while I 
am writing is at high flood, but docs not roeuure at the bridge more than 1,200 feet 
In width. At Dehlie, ogmn, where of course there is less water, the river between the 
east and west causeways, is spanned by a bridge composed of 107 boats, snd about 
00 platforms, which cannot occupy a Im width than 2,700 feeU Tlic cunent has 
been running here at 7i miles an hour. At DchUc, with a double width of channel, 
beridei a bridge of 7 arches, adjoining on the west, nnd with the relief afforded by the 
extensive ove^ow of the country along the eastern bank, the force of the current 
must be much less. The powers of resistance, which have successfully opposed, unt^uai 
forces, connot of course be considered 

9. —The appendeil Memorandum E., by Mr. A. F. Mackenzie, exliiblts the system 

of mooring at present in use for the pontoons, tu., one chain cable to every fourth 
pontoon; the greater number of wbich were obtmned only last year. In paragraph 
8 of his letter, which I have already referred to, Mr. Roberts describes the system of 
mooring pursued at Dehlie, thus— * 

Large stones are deposited in the stream about 100 yards above the boats, and 
** there is at least one such stone or anchor for eaeh boat. Two cables of moor^y 
** each weighing four maunds, and one cable of two maunds, are attached to this 
** a*icbor, and made fast to the prow of the boat. During the rams an additional 
** cable of six maunds is given to every three boats. Several boata at either end of 
the bridge have a long cable running from their bows, which .cable is made fast 
"at some distance beyond the bank, a little above the bridge & and there are two 
" iron cables which run the entin length of the bridge through the bows of the 
" boats. The boats are further kept tether by ropes fastened to each other's 
" bows, and sterns also. The Iron cables 1 eooilder a great seeurity iii tlio rains.'* 
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On a comptriBon of the two fjstema thus described, it is* I think* imposnible to 
avoid the conviction of the great superiority of chain cable mooringa over 
ropes*—»and the enquiry why the Debiie Bridge of Boats is not sapplicd with the 
former. The change would, 1 think, bo advantageous, but it has not yet been tried, 
and Mr. A. F. Mtvckenxie thinks* would be attended wiUi some risk. 

10 . —I proceed to the second branch of enquiry, viz., the relative cost of each 

bridge, considered firstly, in reference to its construction. In order to make a juit 
comparison we miut consider. ‘ 

I. —Tin oatottvAt. corr or consteuction. 

* # 

II. —Tor DURABii.iry or each. 

III. —«The corr op yearly MAiKrcMAivrE. 

And, first, I will examine these particulars in respect to 

TUB AOBA FONTOON BEIUGE 
original cosf <t/ tonitructicn. 

11. —This has been Ihown by paragraph 07 of the Committee's report to be 
Ba 1,500 for each pontoon, complete with roadway. Tlic annexed Memorandum A., 
by Mr. Mackenzie, shews the average cost of each iron pontoon with proporrion of 
cltaiii mooring, to be TU. 1,065, and of each piece of roadway attached to the pontoon, 
to be Hs. 549. The durability and repair expen8es<«f these being very different, 
it will be necessary to consider tbom separately. 

II.— DurMitg, 

12. —Of J*oafoo«.—Our experience is not sufficient yet, to enable any correct 
conclusion to he arrived at, respecting the durability of so durable a machine as iho 
pontoon. Mr. Mackenzie, in the annosed Interesting Memorandum C., citii<iates the 
age of a pontoon at fifty years. Although the assumption rd* the duration of any 
perishable engine of this kind at half a century oppearsat first extravagakit, yet consi¬ 
dering that I admit a wooden boat to hit twen^ty years with proper lep'iir, and having 
nothing to impugn Mr. Mnckchzie's data, 1 have thought it best tti adojit his esti¬ 
mate end assume the pontoou to last fifty years. The chain cable will not }»robably 
last more than twenty years, but the cost of the one in use forms so small a 
fraction of that of each pontoon, that a separate calculation for it is unnecessary. 
After fifty years, Mr. Mackensie estimate the value of cacli pontoon at 200 rupees, but 
1 would not assume it at a higher rate than Rs. 100. 

13...0/ Bo^iwoy ,—In the annexed Memorandum D., the durability of the pre¬ 
sent Roadway is estimated at seven yean; and its value when condemned, at Ks. 0,000, 
or nearly one-sixth of its original cost. 1 have adopted this estimate, reducing Uie 
estimat^ value of the condemned roadway to one-eighth of its original cost. This Is 
the weak point of the Agra Pontoon Bridge. Its construction is defective; the 
scantling of the beams insufficient, and the deal timber unfitted to tbc use to which it ' 
has been applied. These causes bare operated to render necessary a large establish¬ 
ment of workmen, and expenditure of material In repairs, and have caused tfie roadway 
to sustain so much injury from wear and tear as tp render its renewal indlspensablo 
before it will be seven years old. Added to this, the timber was originally procured 
at high rates, which has raised the cost ofthcroadw.vy unduly as a standard of future 
comparison. In the subsequeot calculation, based upon the present construction of 
the Pontoon Bridge, it will be seen how severely the heavy cost and short duration 
»of the roadway tells against it. 

* 7*44 Memorandutt Il.i Appndii III. 
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III.— Co»l of iVor/y Mamitnanct, 

H.^The total charges for tbo past four years are detailed in annexed Memoran- 
dom B. It u evident that the last three details, vis^ ghauts, toll houses, and a new 
road, must not he included in the *'eoat of yearly maintenance,'* being more or less 
common to all floating bridges, and varying not with the different construction of each 
bridge, but with the character of the river banks. For the same reason that portion 
of the establishment, which is employed in the collection of tolls, uiust be excluded. 
Deducting then the' toll collection establishment, the average yearly charge for the 
establishment employed in tbe repair and maiutenance of the Agra Pontoon Bridge 
is Ba. 5,504. 

15 , —Under the head of matemls appears a charge of Rs. 13,159*10-3, to which 
must be added value of roatcrials expended from the bridge godowns, vis., Rs. 3,102, 
total of the two, Rs. 15,261. It appearing however that more than n fourth of this 
expenditure was incurred In permanent additions to the bridge, cables, chains, lamps, 
See, &c., 1 have caused it to be distinguished in Memorandum B. into two classes, 
vis., charges for permanent improvements and cha^^ for repairs. 

Tlie former, amounting to Rs. d,GIC, have been added to tbc original cost of the 
bridge, as shown in Memorandum A., leaving the net ch&^ for rcpaiis in four years 
Its. 1 1,54 j, vis., Pontoons 600, lioafiica^ 11,015, yielding a yearly average of 

Portfoort,•• -• •* ••Its. ir>0 I ifoa^ieay, •- •• •• -- Rs. 2,761 

16. —The account for the Agra Pontoon Bridge, then, as now constructed, may be 
summed up as follows:— 

I’ONTOOHS. 


Rs. A.?. Rs.A. P. Iti.A.P. 

Ii/.—Origiiml cost of a Pontoon, with proportion 

of chain mi^oriiig, nWe paragraph 11, •• 1,006 0 0 
IWuct Its probable value when con* 


deinncd, .- . 100 00 

Net cost, - - "obS’lTd 


Divided by r»0 years gives cost for one year, 
2 A</.~Co8t of materials for repair, tidf para¬ 
graph 15, Rs. 150, divided over 70 pon* 
toons, gives 

Roadway. 


19 6 0 

2 2 0 

- 21 8 0 


Original cost of one piece of roadway, ride 
paragraph 11, -- -- -- •• 

Deduct its probable value when condemn* 

cd, 4, say . 

Net cost, 

Divided by seven years* probable dura¬ 
tion, gives cost for one year,-- -• 

.. 2Acf.—Cost of m ateri a1 s for repai r, vide paragraph 
15, Rs. 2,761, divided over 6 6 pieces, gives 

EsTAm.TsnMCNT roR Repairs. 


050 0 0 

70 0 0 
480 0 0 


•• - C8 9 0 
- - 41 13 0 

-no 


6 


0 


Average annual eha^, tide paragraph 14, Bs. 

5,601. divided by 70 pontoons, gtvea for each.. •• ** 80 0 0 

Total charge for one pontoon and piece of , 

roadway for one year, •• •• -• •« •. •• •• -• 211 14 0 
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proceed to a like ezanuoation of the cost particoUn of 

THE DEIILIB BOiT BBIDQB. 

I.— cri^nal eo$i cf Cimtiruelitm. 

It appears from paragraph 5 of Mr. A. A. BobeHs* letter, Ko. 116, that the 
19 boats built near the hills in I843H4, at a^ost of about Bs. 450 each, arc still in 
good and serriceahlc order, and znay be expected to last for seven or eight years 
more, at the Icut, The roadway deck to these boats is a separate charge, amounting 
to about the same as the platform, via. Rs. M4.* The cost, therefore; for a 
good boat, with a three inch planked roadway deck, and a like platform attached, 
is lU. doO + 144+114 » Bs. 738. 

11.—2)imr4//>Vy. 

18. ^1 subjoin the opinion with which 1 am farored by Mr. Roberts in reference 
to the Government-made boats in use in the Dehtie Bridge, anil by Mr. D*Griiyiher, 
the Deputy Mo^siratc of Purrockabad, in respect fo mneleni boats which were con¬ 
structed at that station in 1844*15 of the very best matcmls. 

Mr. Roberts says The remaining eighteen lionts were built in 1813 and 1844* 
All of these boats are in good and serviceable order, and may be expected to list for 
seven or eiglit years more at the least. A good wooden boat should lost full twenty 
vyears, with possibly slight re))airf after ten years' use. The natives use their 
boats much longer, and I dare say many of ours will not be condemned even ut the 
end of twenty years, but this it a question to be determined by time alon The 
platforms are calculated to be as durable ns the boats.** 

Mr. D'GniytUer obsenes:—Tlie number of boats, that were built hejo for tlie 
bridge of boats in I H I M.5, is nineteen. All flic boats are itiU^n use, onJ it is expect¬ 
ed (hey will last for the next four or five years." 

19. —My own enquiries le^d me, after duly weighing the forcgo^lg opinions, to 
conclude that a good boat will last ton years with very trifling repsi.s; and, if then 
thoronglily repaired at an outlay of two-fiftlis of the original cost, it will Inst for ten 
years longer. Considering that the planking and beaming of Uie platform is parti¬ 
cularly stout and strong, the outlay after ten years, fur renewing may, including both 
boat and platform, Ik token at onc-thinl; and the value of both, after twenty years* 
use, be assumed at one-ienth of the original cost. 

111.—Cosf of yeorfy mainienanoo, 

20. -—In examining this point, J must refer to the annexed Uble,t fumisited to me 
by Mr, Roberts, detailing the several charges incurred iu the two past years, 1800 and 
1851. An examination of these details baa enabled me to distinguish the charges 
which appertain to the head under examination from those whieli should be excluded* 
from it. The result is exhibited In the following Memorandum showing llie total 
chargeable expenditure to average Rs. 8|525-7-l}. 

a 

* JltU raragrvph 43 of Cominitlce’s Report 
t Appsadit Ko. 11. 
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To thif, however, mutt be added the eubjoined ehnrgci, which would have been 
incurred if the Dehlic bridge )iad been conatructed altogether of Government boata: 
Add to No. 2 *• Eatabliahmcnt** to double the preaent charge for ear- 

• pentera, -- -• •- •* •- •• •• --1U 135 0 0 

3 £stra boatmen*' to complete the complement to * 

one boatman for each of the GO boats during the 

four rmnj monthi, -• •• .. Italdd 5 9 

4 for ** Casual Carpenters, &c.** onc*fourtli more addU 

tionat, .lU 133 (I 0 

3 to ddable the present clxargca for ** Pett^ Repairs,” Rs. 43 0 0 

ip to treble the ^arge for*' Caulking” — •• -'Its. bill G 

11 to makeup the fuV. price of the,*'Grass, ftc.” used 
for the bridge road; ibis iicni being under- 
chained as explained b^ Mr. Roberts, -* -• Rs. 2C3 B 0 

13 and 15 the probable ndiHtional elisrge for ** Iron 
Nails” snd "Miscellaneous Charges,” on ac¬ 
count of 47 other Government boats, -- {ts. 1 88 0 0 

ToUl, Ra 9C2 9 3 

yielding a sum total of Ra. 9,488-0-14, which divided over G9 boats, (the average num¬ 
ber employed) makes the amount yearly chargeable to each boat to be Ra 137-8-0. 

91.—Accordingly, the reeult of the examiuation into the coat of the DehUe boat 
bridge may be snmmcd up as follows :— 

» BoaU mtd ottoeKed piatforme. 

l.^Ori^nat cost of a boat decked with a 3* roadway, and a 3* plank platform 
attached, f*ei</(rpor0pTop4 i7,J -- -- •- Ra 738 0 0 

3.-^Add one-third for estimated cost of thorough renew^ 

after 10 years, (vide poragrttpk 19,) -• -- Rs. 24$ 0 0 

ToUl cost for 20 years, 984 0 0 
Deduct probable value aRer 20 years* (vide porggrftpA/P,98 0 0 

Net lh. "886 0 0 

Divided by 20 years gives cost for one year, •• -- -• -• -- -- 44 4 U 

Cost of establishment, materials, &c., for maintenance and repairs, (oide 

pore^fopA 20,^.I37 5 


Total charge for ooe^ boat, and price of roadway for one year, 


281 12 
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23*~BDt iht gMter breadth of the boit» which ii thown in pangrftpb 42 of the 
Comroittee'j report, to beer the proportion to an iron poritoon of 3 to 2, requrree the 
further adjuitment of the comptrison by multiplying the annnal coet of the pontoon, 
vis., Hi 2n«14*0, fmiU pcr^rtfjiA iVtj fay 3, and that of the boat juit deduced, rix*. 
Be. i6I>12^ by 2. The final compariiOD therefore standi thus 

Pontoons, 211 : 14 X*3 lU. 635 : 10 
. Boats, •• - 181 : 12 X 2 - Pa 363 : 8 

and shows the pontoon bridge, as now constructed and maintained, to be nearly twice 
as expensive ai a brid^ of boats. * 

23.—1 proceed to the diviaioa of my subject, to enquire which brid^ might 
be made the cheapest, by the adoption of those improvements in conatruetlon which 
experienes recommends. As regards the Dehlie boat bridge, the only improvement 
that suggests itself to me Is, to exchange the present moonj rope moorings for chtin 
cables. The yearly saving that would result from this charge would be very large, 
•amounting to Bs. 4 6-12-41 per boat per annum, ss thus shown. 

Present average yearly charge for moon] moorings for 69 

boats, (tridi memortmdum ottneked iopara^fraph 20,J*'>'Ba 3,709 0 0 


Giving each boat, .53 12 0 

Cost of an English chain cable, —.. •• •• 100 0 0 


Divided again by 20 years, tlie probable duration, give# for each year, • • 5 0 0 


Showing a yearly difference in favor of the chain cable per boat, of Bs. 4*. 12 0 


24. —Some reduction might also be effected in the price oft the platform« and deck 

roadways, if they were constructed, as well as the boats, in the ndylibourhood of 
the hills. . * 

This saving may be cstImAed at say 10 per cent, reducing the ("'ai of one boat, 
complete with platform, Ac., to Ba 710; thus 450 130 710. 

25. —In constructing a new Pontoon Bridge on fbo other Jiand, an extraordinary 
saving would undoubtedly be obtained. 

a better mode of construction, whereby material and establishment 
would be saved, and the duration of the materials greatly prolonged; and 

2Hd?y.—By procuring the sheet Iron, and the timber from those marie eta where 
they are cheapest, whereby a great reduction would be effected upon the prices before 
paid. It must not be forgotten that the present Agra Pontoon Bridge is the first of 
its kind constructed, and Is therefore an experiment. Although, therefore, the success 
of the cxperiiuent reflects great credit on those who planned and executed it, yet in 
every succeeding construction, improvement may naturally be expected to result from * 
the experience gained. 

26. —In the Appendix, Memorandum G., Mr. Mackensie estimates the probable 
cost of Pontoon at B& 900, supposing the material to be purchased in Calcutta, and f 
do not think the estimate nufidr. It applies to the present form or site of Pontoon 
in which no change seems absolutely required. Some increase in the site would 
however be probably fonnd useful; and before commenting upon any new bridge, the 
best advice should be taken upon this subject. 

27. —But the plan of the roadway uua t be greatly changed and simplified. The new 
proposed mode of construction is detailed in the same Memorandum G., and explained 
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b^iccompAnyingPlADand Section. The improred tCrength tnd timpUaty of the new 
model will mdily be ■dmilted. In lien of the eaddlet end their riding piecei, which 
here been found lieble to shift end giro wevi two longltadinel beems ere iubetituted. 
In lieu of three week mein timbert, lach eomp^ed of three piecep, (*no single piece 
having e greeter thicknose then 3*}, the new model provides for five mun timbere 
each 12'' by 9*> which renders the intermedleto framing quite uoneceiiery. In 
lieu of these mein timbers b«ng only 15| feet long, end being in consequence made to 
rest on the iwier edge of either pontoon, thereby causing e rolling motion, the new 
beams will be 22 feet long, end will stretch to the outer edge of both pontoons, end 
being firmly bolted to each, all rolling motion will be prevented. The planking, in 
lieu of being partly saul and pertly deaf, end varying from 3 to 2 incbei in thick¬ 
ness, will be all laul and 3^ inches thick. 

2B.-^Thc rolling motion of the pontoon being thus remedied, the only cause of 
unevenness in the plone of the roadway will be found in the dip or immersion of each 
pontoon bodily into the water by tlie pressure of a anperincumbent weight. 1 
cannot precisely say what comparison this wavy motion will bear to the oicilletion of the 
roadway of a bridge of boats occuioned by the dip of one gunwale of a boat, end the 
elevation of the other i but, from the experimenia which have been made, 1 apprehend 
that there will not be much difference between the two. In Mr. A. F. Mackensie's 
experience, when a hackery or other weight keeps upon the proper roadway, i. e., 
near the centre, the pontoon has never* been depressed more than 18 inches, 
although when the weight has been forced near to the edge of the roadway, the near 
extremity of the pontoon baa been immersed os much as two feet. The extreme dip 
of a boat's side, again, I am informed hy Mr. A. A. Roberts, does not exceed nine 
inches, giving a corresponding deration of nine inches fur the opposite gunwale, 
equal to a total o.^ci 112lion of eighteen inches. By lengthening the beams of the 
platforms from 20 to 21 feet, and relieving llic gunwales of the boats from their 
pressure, and placing the first supports two frri or more from the gunwale, (t. e., 
two feet nearer the boat’s centre, or iltr axis of os^iilaiion,} the latter would be 
considerably diminished, and much improvrment in ihe evenness of the roadway 
effected. 

29»^]n comparing the timber requiretl for ihe oM and new conatruciiona, a very 
great saving of materLil is hoa eve reflected, by avoidii:g the almost daily repairs of the 
slight timbers now needed. On the other hand, I see no reason why a roadway, so 
constructed, ihonld not endure as long m that of a bridge of boats, and I would there* 
fore apply the same calculntion fo both, viz., a duration of 20 years, allowing for a 
thorough repair after 10 years, at an outlay of one^third of the original cost. 

30.— Hut tlio improved constructi<in will also admit of a considerable reduction 
in establishment i the present regular workmen being chiefly employed in repmring 
the constant injuries to the rofulway. The subjoiued Memorandum ezliibits the 
saving which may lie anticipated:— 
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31. --An cttimftte of the coit of the new roadwej ie giren in Memorandum G.* 

Be. is-AP ^ 430. in which I haTo 

•10 8^timers. ... ^ ... »t It 14^0 0 made e correction in reaped to the price 

10 ‘r !!.* M a ^looo ^^^*®^^^*ft®'co*>6‘iltingtheMagiitratea 

?9 SfJJ®*.- WOO of Dehlia and Saharnopoor; by which the 

46 JhUOi.M . at l 45 0 0 . ^ ^ Z ^ 

a SheeU Iren for baoAi, ... at a • J4 0 0 roadwa/ u encreaaed 50 Re., u 

CwpMter’i labor,. ... M o 0 exhibited in the mar^nal memorandum.* 

Total, B«. 490 0 u The pricea atated are those at wiuch con* 

tractora will engage to deliver aquartd 

beama and planka at Dehlie. 

32. ~Th6 enquiry therefore eahibita the result aubjoiued 


yeer/y coa4 o/ um eoa^r/r leiVA Roadtea^ om roved 

eou/^lU‘^'<m. * 

No. * DrraiL. Ks. A, F. Ha. A. V. Ha A. P. 

1. Ponfpca.—Coat of one pontoon, .900 0 0 

Beduet probable value when coudemned,** lOU 0 I) 

Net coat.. 8UU U 0 

Net coat to be divided over 50 yeara, giving 

coat for one year,.. .16 0 0 

Cost of one chain cable one hundred fed long, • • 100 0 0 

Divided by 1. one cable being allowed to 4 

pontoons, -•• •• 25 0 0 

Divided again by 20 years' vatliuaU'd term of 

duration, girca . 1^4 0 

Coat of material for repairing pontoons, •• 150 0 0 

Divided over 70 pontoons, give-- •- •- -- 2 2 0 


2. RoadtQoy ^—Coat of one piece of roadway. 
Add } for renewal after 10 years, •• *• 


40D 0 0 

160 0 0 


6 0 


Total coat for 20 years. •• 040 0 0 

Deduct probable value aOcr 20 years, via. ^'^tb*** 64 0 0 

Net,. 576 0 0 

Divided by 20 years, givea cost for one year, -* •- -•••28 13 0 

Coat of materials for repiur has been for the 
present bridge, .— 2761 0 0 

Deduct for improved coneiruction one-half, •• 1380 8 0 

a 

Leaving estimated future coat,.•* 13^0 8 0 

Divided over 66 pieeea, pres for each .20 14 0 


49 U 0 


58 8 0 


ToUl, Ak 127 9 0 


3, Ab/sd^MAmeiif.^EitabUihment for rfi>aln and 
Qsintenance, •• .. 
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Ettimait ttf coii 0/ one tompUU »Uh Roadtoay, btUU near (he JliQe 

end wtoortd an ai preaetU teM mooi^ rerpe#. 


DCTAtl.. • 

Ik 

A. 

P. ik A. P. Ik A. P. 

.Bonlf.-^Cost of Boat with roadway, deck and 




platform,** -- -- — — *• — -• 

710 

0 

0 

Add for renewal after 10 years, -• 

236 

10 

0 

Total cost for 20 years, •« — 

946 

10 

0 

Deduct, probable value alter 20 years, rix. ^stb. 

94 

10 

0 

4 

Leaving net cost for 20 years, •• *• 

852 

0 

0 

Oiving cost for one year, •• •• ** •• *• 


.• . 

.. 42 9 0 


2 . JUpain and EntablUlmeni.’^Cati of EsUbUsh^ 


ment, maUriali, &c., for maintenance and 

lepaln* (vide paragraph 20 J .’. 137 8 0 

ToUl, - •-* •. 180 I 0 

And tbe compamon of the improred Pontoon Bridge and of the Boat Bridge, 
moored as at present with moonj rope cables, stands thus: 

Pantocne, •• •• 127:9 X 3 » Ba 382 ; 11 

BaaU, - 180:1X2 - ,» 360: 2 

or, for a river of the same width as the Jumna at Agra, 

Pon/oone. -- -• 127?9X0&- Bs.8291: 9 

Boafe, - -- 180:1X^3 ^ „ 7742:11 

l)iflci;encc per anunm In favor of boats, lU ^28; H 

OJ.^But, making tbe proposed substitution of cliain cable for^tnoonj ropo 
moorings, the result is much more fkvorallc to tb. boat bridge as shown In the 
following Memorandum, the yearlj cost per boat being reduced (by subtraction of 
Pa, 4S‘12>0, see paragraph to Ik 

Pontvone, -- 127:9X05 »*• 1U.8281:9 

Pofl/r,. 131:5X13 - ,,5616:7 

Difference in favor of the boats per annum, Ik 2635 :2 

34.—In the forcing calculation no account, St will be observed, has been token 
6f the interest on the capital expended, which is nevertheless an essential element in 
a computation of this nature, if real accuracy be desired. The balance of interest is 
of course from the larger original outlay in construction, considerably against tbe 
Pontoon Bridge. 

35«—1 conclude therefore that as respects,_ 

PWf.—Goodness of thoroughfare, and use of passage, both forms of construction 
art equal. 

liability to interruption, the iron pontoon form is superior, and 

TiM/y,—Bconomy both as regards present eonstroetion, and future possible 
improvement, tbe bridge of boats is the least expensive, 

36.~In praecuting this enquiry, I have received much valuable aid* ftom Mr, 
A. P, Mackensie, the Pontoon Bridge Engineer, whose Intelligeoce, experienee, and 
practical akiU as a mechanic might be made more extensively useful than it is at 
present in the supe^tendence of the tingle Bridge at Agra, 
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APPENDIX No. I. 


Rouph Siaimeni ^ ReceipU.9iid ^i4inf4eimenU <rt ike DekJte and J$ra Btidgee^ 
darii^ ike yeanfiom i848 ia i8it, hoik ineUuivt, 



ftjtcurm 


* 


Diwrauam*. 



TlAlB. 

1 

1 C«nMUoa 
Mile 

®JJ52^ fML 


1 ?IIM 
BtUMMb* 
u»«n( for 

EsM 

klMi 

v«rt> 

f!SiS? 

■ 

Um or t> 
ptlrvof 
yrnxitmi 

ToUL 

KM 

IMptth 

1 

! 


Ouui Bbcmi ov BOAf*. 


IMM. . 

JMB, ..... 
INO, .... 
Ull, .... 

TOUl.^ 

MB 8 1 

B»l 1 11 
«eC74 1 4 
M7BT 11 4 

i« IIP 

4 04 
0 04 
4 On 

BSOB t » 

mu 114 
44S« B 0 
4479MI 4 

mi 

III! 

•484 B It! U<1 14 4 1 
mt 4 V S44 1 4 
ISO* 4 4 4014 4 4 
MS 4 4 ' nn 4 4 

ni4 18 4 
m tl V 

met 

met 

MS • 4 

l7iS14 8 
I4>m 4 8 

M 0 4. 

IbMSIB 4 

llOfeD 0 7 

'tasr 4 0 
ISU 0 u 

tNMIl 9 

IS 184 

lam 4 7 


MB II ijum W 1 

us 1 0 

—1 
nan i il 

nm 7 1 

iom* FooToow laivat. 

tHU. . 

luo.. 

tMO» ..... 

im» .... 

Toul... 

91010 411 
3090* 0 IJ 
90DI4 4 8 

, iim • 0 

: im 4 4 
«&• 4 0 

\mt in ft 

4 4 4 

ItfTT 14 9 
lom 4II 
4flM 14 II 
41971 0 4 

Sill 

46BO ? •{ 

S 

9010 4 4 

m 

7MBH to tl 
797 It 4 
IS« 4 4 

JS4 4 4 

cru 4 I 

III 9 0 
1071 I 4 
14S 4 0 

BMO? 18 « 
7MI 4 I 
14141 10 7 
«S JO 1 

Ills U 0 

ATTB U 10 

IMS 1 1 

CSS 4 7 

1 

lf»i 4 4 

\iam 14 i 

tft 49 


^9 

IPlI 14 M 

4I0T IB t 

MBS 4 M 

M4III 4 B 


APPENDIX No. II. 

# 

Annual Chargee, far i830 and 1851 of the Bridge at Drhf 'e, 


yc. 

Ftdpoeee. 

185i. 


1851. 

\ 

Estftbligbment for collecting tolls snd mansging 
bridge,. 

I 

2400 

it 

0 

2400 

0 0 

2 

Ditto for mainUuning bridge, ?is.» boatrocii, carpen* 
ters and others, -- -- •• •• -- -• •- 

1833 

0 

0 

1833 

0 0 

3 

Extra boatmen during the rains, •• . 

455 

10 

9 

335 

9 9 

4 

Caqienters and ^orltDien, casual. 

316 

12 

5 

747 

12 6 

5 

Hire of boats, .. -- -- -- 

3613 

lU 

5 

64G8 

3*9 

6 

Wood for platforms, •• •- -• -- -- -- 

0 

0 

0 

2144 

0 0 

7 

Ditte for decking boats, 

0 

0 

0 

2063 

4 0 

S 

Ditto for pettj repairs, — •• 

0 

0 

0 

86 

13 9 

9 

jVoot^* rope for cables, -- •• 

Dhak roots ibr caulking boats, v 

3785 

4 

6 

.1316 

4 0 

10 

23 

13 

0 

27 

14 6 

11 

Grass for roadway of the bridge. 

274 

0 

0 

253 

0.0 

12 

Grass, Jbao, Ac., including labor for making ap 
jiroacbes to bridge and keeping road over^thc sand 
in repair,-- -- •• -- — -- •• — -• 

062 

7 

2 

861 

4 

Id 7 

13 

Iron nails, Ac., •• -- -- •• -• -- •- •• 

68 

4 

11 

.105 

12 8 

U 

Carriage of large stones for anchors, •• 

162 

4 

11 

154 

6 0 

15 

412 

10 

7 

450 

S i. 


Total, Company*! Rupees •• 

,14337 

14 

S 

21448 

6 7 

e 


K. A. ROBERTS. 

OcnuBr SUi Hay 1852* 
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APPENDIX Ko> IIL 

M^fftanda hy Mr, A, F, Mockensit, SupcriidendtyU pf ih» Pontoon Bridge on 

tkt JvmnOy «l Agra. 


MEMORANDUM A. 


1 

The cost of the 70 Pontoons and Roadway of this 
bridge is stated in the Committee's Report for 1S47* 

Pontoono. 

% 

Roadtoay, 

ntai. 

Ba 

Ba 

Ra 

4S, amounted to -- •- — ... 

75933 

35854 

111787 

MUceUaneoui items added by Comtoittee,. 

5500 

3437 

8937 

Total, •• 

81433 

39291 

120724 

Deduct (proportionally) ** Materials in hand,** 

8000 ' 

1 

4336 

12336 

Coftin 1848,. 

73433 

34955 

106388 

Add subsequent expenditure by permanent improve* 

ments, via., pontoons, chidn cables, . 

Roadway lamps, iron bands, Ac.,. 

1 



y 1155 

3461 

4616 

J 



Total cost complete, Ka 

74588 

38416 

113004 

Or per each Pontoon with Roadway, (Total divided by 70,) 

1065 

549 1 

1614 


MEMORANDUM U. 


Since the completion of the bridge there Lee been expended e totel of Corapeny*e 
Rupeee 5,21,273, u follows : 


Year. 

1 

1 

Earabiiih 

ment. 

' 

Materials. 

Ghat. 

Toll 1 
blouses. 1 

1 

New 

Road. 

. Total, 

lo 

1648, 

8925 

0 

n 

6890 

9 

lll66»t 

3 

4 

508 0 0 

453 0 0 

23467 

14 

2 

M 

1849, 

6853 

4 

9 

1 

977 

12 

4 

i 111 

8 

0 

0 0 0 

0 0 0 

7942 

9 

1 


1850, 

7110 

0 

7 

3081 

12 

0 

! U 

0 

0 , 

0 0 0 

0 0 0; 

10191 

12 

7 


1851. 

6860 

7 

.V 
^ 1 

2209 

8 

0 

0 

0 

o| 

0 0 0 

.000 

9069 

15 

5 


Total, 

29748 

13 

8 ; 

*13159 

10 

31 

6802 

11 

4| 

508 0 0 

mm 

50672 

3 

3 




* Besides the **Meteria1s” as above,« bCo .’0 Ra. 13159 0 0 
There have been expended ** Materials from Godowns/' valuing >• *3103 0 (K 

ToU) expenditure, Be. 16261 0 0 


ZHoh'iiuted tt$ /oth»$ .* 


7^91 

Pertnanent Improeevtmt, 

1 

Bapairp., 

AaKmni, 

Pontoons. 

Roadway. 

1 

1 

Pontoons. 

Roadway* 

Ha 10298 0 0 
3102 0 0 
2861 0 0 

105 0 0 
1030 0 0 

0 0 0 

H 

H 

9943 0 0 
1102 0 0 

0 0 0 


mmm 



U045 0 0 
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There has therefore been expended dnring four jeare, 

Fur Rxfairs, •« On Pontooni, •• •• Rs. 600 

On Roadwa/e, — Re. U,046 

Total, Co.’e Re. 11,615 
or for one jear, Co.T Ha. 2,911 

It will be observed that in 1816 the expenditure for loaterial ie largo. Such ia 
not Ukelf to occur again until the roadway reqnirea an entire renewal. Much of tba 
material was expended in improvements of a peruianeut nature, such as anchor, chain#, 
lamps, &;c. 

' The principal expenditure of the above-mentioned years has hern mainly caused 
hy an early mistake in the partial use of deal timber iuslead of saiil, (the supply of 
the latter timber having been deficient,) and some of the planking first employed not 
proving thick enough. * 

MEMORikNDlfM C. 

I estimate the durability of the pontoona at fifty yean, in conscqnence of the 
little injury they have as yet sustained. Some of them have been In thenver already 
six years, and it ia from a careful examination of these pontoons I am enabled to form 
an opinion. In fact, if they be kept properly tarrwl, I think 1 have under-valued 
their durability. With the coal tar alone, however, 1 have observed damage done by 
an insect, (which I will presently describe,) and was therefore led to mix some finely' 
powdered arsenic and quickliror. This has had the desired effect; for although a 
fe# insects are still to be found, they do no injury. 1 have also tried i/olvaniim, 
as recommended by the Committee in their Report, paragraph 20, by a caching to 
Che after end of the pontoon a plate of sine B* X X l}* (the pomoon having 
been previously scrubbed bright all over, and no coating of any .kind afterwards 
applied,) and find corrosion to,any extent pifvcnfed, small spots o'dy appearing*at 
some 8* or lO'^ apart. 1 propose dnclng at both ends of the pontoor> and am inclined 
to think that by these means the corrosion will be entirely prevented. Some benefit 
may be derived from coating with coal tar and arsenic all those parts not in contact 
with the ainc, and this is about to be tried. Each experiment, however, takes a year 
to show any result. On the galvanised pontoon, I have not diacorcred a single 
insect. There does not appear any great difference in tlie extent of the oxydation, 
whether the pontoon is afloat or aground. 

Ths pontoons possess one great advantage over boats, viz., should they at any 
time, from accident or inattentiou, or even from actual wear, become unsound in 
those parts now immersed, they can with little trouble or expense be inverted, and in 
such a case their efficiency will not be at all impaired. This property is not however 
taken into consideration in the estimate of 50 years. 

Their value at that period for old material will depend on the then value of iron. 
If of the same, or nearly of the some, value as at present, (1 should ray that az the 
upper half of the pontoon will be nearly as gooi) of new, it may be taken at Co.'s ds. 
200 each the natives value old iron at a much higher rate than new,) the deteriora¬ 
tion of each pontoon per year may be thnz rcckoiud 

Its original cost without moorings, was. 1,050 0 0 


Its value at end of 50 years,.-. 200 0 0 

Its wearing value,. 850 0 0* 

which divided by 50 gives per year, Co.'i Ri. •• -• -- 17 0 0 
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The insect l^fore referred to is t kind of wonn nbout f of nn inch in length end 
a line in breadth. It hu four (two on each side) near the head, which Is armed 
with powerful forceps, sindlar in appearance to that of the black ants. On those 
pontoons coated with coal tar alone, thej formed a sort of capsule of a conical shape, 
about i^ths of an inch in diameter at the base, and about fths of an inch in height. 
This capsule was generallj of a reddish brown color, apparently caused by oxyde 
of iron. It was invariably found filled with clear water (whether that in the river 
wu so or not) in the centre of which wu the insect. Immediately under the 
capsule, the coil tar was always found removed, and the iron* corroded to the depth 
of about the thickness of a sheet of drawing paper, presenting a bcaudful bnght 
surface, and showing disUnctly the laminm of the iron in very fine silky-looking 
threads. The insect taken from such a capsule wu found to be largely impregnated 
with iron. It does not seem at ali probabe that the insect* attacks the metal, but u 
it evidently cuts away tbe coal tar and exposes the surface of the iron to the action of 
the water, it seems Ukely that the insect becomes impregnated with the metal, from 
the water in which it lives being so. On those pontoons coated with the arseniated 
coal tar, tliose insects which arc found do not contain iron, and are so scarce that 1 
have had difficulty in procuring a few as specimens. They do not form capsules like 
the others, but little tubular cases, closed at one end, sufficiently large to admit of 
free ingress and egress. 

MEMOKANDIIM D. 

The wear and tear of the bridge is principally confined to the roadway. From 
many observations made with reference to its durability, it appears that, if constructed 
of 3* planking as at present, it may be taken at seven years without any very impe¬ 
rial repair. 1 olio find that for any bridge, with the traffic of the one at Agra, plank¬ 
ing of a iesi Uiickneis should on no account be used. The first few pontoons that 
were constructed had roadway planking of 2* and 2^^, and it is in these instances, 
(the decay of tKc deal timber being alto considered) that any large repaira have 
been required. In cue of the roadway being entirely renewed, the old material 
would not be worth leas than <lo*s Ba 6 , 000 . 

MEMOilANDUM £. 

There arc iu the bridge 65 pontoons, moored by 16 English chain cables, each 
cable capable of bearing a atrain of 10 tons. Every fourth pontoon is moored by one 
of these chains. Tbe anchors are of red sandstone, each about 8 or 10 maunds in 
weight. These sink each year about feet deeper in tbe sand, and the chmns have 
to it lengthened accordingly. We have however plenty of chain for lengthening for 
some years to come, by which time this sinking will probably cease. Some few of 
the intermediate pontoons in the main stream have other chains, made up here of 
English round bar iron in links of two feet in length. This is the description Qf 
chain by which the bridge wu first moored. It wu found however, that as the 
bridge fioated or grounded, these chains were very liable to get twisted and break. 
Of these chains there now remadn in the rirer 17. There were orig^slly 32, and tbe 


cost of es«h wu Bs. 20. 

Hence 32 X .•.Co.'s Bs. 640 0 0 

The English cable, 400 feet, from Calcutta, cost „ 414 0 0 

And 1^500 feet purchased at Msgasine snetion, », 105 0 0 


Total cost of permanent moorings, 1159 0 0 
The bridge may now be considered permanently moored j the 16 English eablea, 
qhove-mentioned, being more than sufficient for all ordinary purpose. 
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A pontoon bridge require! mueb tew mooring than a boat bridge; U tho pon* 
toone offer eo much less rerisuoce to the streasi, both on account of their rounded 
•hape and lets width. 

1 ahould take thifl difference in reelataace to be aa 1 to 4.* 

MSMORANQUM F. 

The onl^ lerioos atoppage to the paeeage over the bridge happened in 1840* 
when the bridge was partly carried awe/ bj a number of heavilp laden boats coining 
Coul of it in conaequenco of a sadden rise in tbe river. The bridge waa stopped for 
three daji. The breaking of a bean or plank leldeoi interferes with the passage* 
and then onl/ for an hour or so; If not of immediate importance, such repairi are 
generall/ carried on at night. Of course the bridge Is agmn liable to such an accident 
as tbat of 1849, but as the moorings are stronger, a like extent of damage it not to 
be anticipated. 

MBMCOANDUM* Q. 

Tbe Comnuttee in their Report, paragraph 45, suggest that a new boat-like (or 
oval) pontoon, might, with advantage, be used instead of tbe cjll&drieal one, which 
the/ object to, principally from ita grounding sooner than the fomer. This objec¬ 
tion ia met by the fact that the ^Undrical pontoon previous to grounding forms a 
bed for itself in tbe sand, at least a foot deep; and its greater facilities for being 
moved about (by rolling) beaides being easier of construction, should, 1 think, give 
this form the advantage. (Both forma possess the same fsciUtica ibr being inverted, 
see parapraph C.) Should the laggestions of the CommiUee in their paragraph 34 
be;adopted, with reference to the purchase of material, there cau be no o jobt but 
tbat a saving of from JO to 15 per cent* would be effected in the oonstnicr<oii of any 
other pontoon. Their cost would probably be about Co.’a Rsf 900 each. 

The accompanying plan, for an improved roadway, has reference to tiie observa¬ 
tions of tbe Committee in Uieir several paragraphs Noe. 8, 16,* 28 and 34, and is 
intended to pouesa the following advantages over the present rosdnay, vis., a ripd 
roadway, (by which tbe pontoons are prevented from rulling with little consequent or 
no strain on tbe timbers); facility of being taken to pieces without injury; aimplklty 
of construction (all the beams &«., being alike); saving in iron work, aud a inucU 
greater durability (from there being leas strain, and a greater scantling). 

The proposed roadway to consist of 5 main timbers (A.,) 22 feet long, 1 foot 
deep, by 9* wide, support^ (instead of saddles,) by two oUier timbers (II.) of the 
same dimensions, which timbers will be supported by an iniidc trussing similar to 
those now in use in the Agra Bridge. The whole of the pontoons to be firmly bulled 
together in pairs 12 feet apart, as at present, and these pairs conuocted together with 
beams lo bolted as to admit of play at either end. The planking will ronsiit of 38 
planka, each 13 feet long, 1 foot wide and 3} inches thick (0.) and cither secured by 
iron bands, (D.) bolted alternately at every 2 feet, or etch plank bolted down sepa¬ 
rately. The roadway will be 26 fe^ wide or two foot wider than the Agra roadway, 
Wild this will add greatly to the fisrilitice of possa^. It mil be advisable that tife 
rimber be contracted for, and it should be cut and squared to proper length and 

* During the floods of tbe lata rainj waaoa <iaS9) whldi have proved uouiually high and rapid, 
one of tbe obain mble anchor stooes wfaiob had been depoatod ia the river bed once July leai, and 
must bate sunk to a depth of 14 te'SS foot in ilie sand of the river bwl, was swept down from iU 
forinor position to one underneath the pontoons, and thus during tbe beavieet flood iU forve was 
exerted iffdast iostead of in favor uf the bridge. 

U. E. OIJBBIKd. 

M 
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scantling by the contractoft by ttIucH mcftos a great saving will l>c effected in carriage 
itnd carpciUcris labor, and sound wcll-seasoncd timber will be insured. Tbeprpbable 
cost (»f such a roadway for each pontoon would be— 

7 Timbers for rood and pontoon, @20, •* — •- 

3 Ditto for sundries, •- •• @^20, .. 

36 Saul planks,.. •• @2, -- — •• •• -- 

10 BolU, .@ 2,. 


10 Ditto, . 

^5 Ditto, . 

3 Sheets iron for bonds, •• 
Carpenter's labor, •• •• 


@ 


2-S, - 

C. - 

say -• 


140 

60 

72 

20 

25 

45 

IB 

50 


0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 


Total, Co/sUi. 430 0 0 
or nearly 20 |>cr cent, ni^dcr (bat ^>f the Agra roadway, bat much will depend on the 
]>rice of the timber. Should the proposed plans be adopted, ilicrc will be a durability 
nearly treble tlmt of the present roadway. It would rcfpurc little or no repair fox 
the fimt 12 or 11 years, ajid with a Uiorongh repair at the expiration of that period, 
would last for G or H years longer. 

TJie establish m(iii necessary for the working and rquurs of a bridge of the pro¬ 
posed cotistnicUon, would be, for working 

1 muUnli to every 4 pontoons, and 1 ehowdhrce to whole bridge. 

The establishment for repairs fur the first 7 years, 

1 head blacksmith, .(ii> 12l no a a 

4 ncsislaut ditto,.@ r, | W 

4 assistant ditto,.(g) 0 / ^ ‘ ^ ' 

and for contingencies, i. c. jhao, oil, charcoal, &c., -- -- Rs. 100 0 0 


Per tnontb, Co/s Rs. 166 0 0 


MEMORANDUM H. 

My ojdnion of ebrio cable moorings for a brj^ge of boats is, that there would bo 
great risk attending their use, in case of .'tny heavy boat running foul of the bridge. 

If a boat wore to come against a bridge so moored at a velocity of 5 or 0 miles 
per huur, it would either sink the boat it ran foul of, or so shatter it that' it would 
not long Qoat. 1 need hardly say that, if, in a wcU-constructcd bridge of boats, well 
connected together, one boat were to sink, it would most probably sink its fellows, 
flud so on tlie whole bridge. 

Mooiij moorings from their olasticitj would considerably break the shock in such 
a ease and save the boat from injury, and if the strain on tlic bridge were gyeat, it 
would give way, and hut little damage ensue. At all cventa the probabilities of loss of 
boats and sinking of the whole bridge would not lie so great with moonj as with iron. 


A. F. MACKENZIE, 
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BRIDGE OVER TUE RIVER RUNOUT AT SIIAlIJEnANPORB. 

CoNtmOCTBD FOR THE RaRER OF POWAINB, IWDER THE SrPEZtlNTErtDBNCS OP TltE 

Dirraicr Ro4d FtnfD Comhittee, o.v a dr^ig.n sui*i*i.]rd bv Coi.one^ Adbott. 


From C. Emq., OJ(eiah'»f Secrcisry Ic GoccrnutfM in the N. JP, J\*eeUcM, Jwli^ 

ciol Deparittten/, to H. Pidcock, IN a.. ComtuiSfihiier of the llokilcmd lUtieion^ 
(GwetHMent Ordery So. 5191 o/i8iS,)dattrt Jyroyihi! UtASonuthef 'IU8, 

Sjr» 

In rop)^ to your letter of the 1st instant, No. 03, with oiirlosures, reporting iUc 
oompletion of the bridge over tiie river Runout, at Siiutbowlec Ghaut, in liilali 
Shahjchanporc, 1 am directed to express the graithrsiiun of the ilonorahle the l.icu> 
tenAnt4}overnor, on receiving mtelligCTice of the ct/uijdeliaii of Uiis higlily useful nml 
omomcutnl public work, and to beg that you will communiciitu to tJic Itniiec oi^ 
Powainc, the 8aii;<factiou which Ills lloiior <lvri%cd from iiMptriijig it last year in ila 
incomplete estate, and now from receiving inUhigcnco of its being completed iu all 
its parts. 

S.—To Mr, C. D. Thornhill, the Joint Mrgislmfc and Deputy Collector, Clio 
thanks of the Government arc due for Ids public^spiritcil cxcriiuns, not only iii lids, 
hilt also in many other works, in trliich be has most ably and scaloiisly seconded the 
efforts of the Collector and Magistmte, Mr. P. P. But lev, for promoting the comfort 
of the people, and for developing the reHonrrea of the connlry. To boUi tUr gentle- 
meu and otlicrs, who were, and ore still, ossociatcfl with them in the I^>cul i .unmitic^v 
the people of the district, and through them the Government of tlic count i;, lie under 
a great and constantly arcniing obligation, wUicli no doubt finds iU high' ..t rewind in 
the successful result of these bcnerolcnt clfurU.^ ' 

3.—"As the cldef lohor and responsibility of tins work seems -o iiavc rented on 
Mr. C. II. Thornhill, you will lie pleased to conunuidcatc to him Jirou^^b the Local 
Committee the thanks of the GoTcmmciit. 


Ko« II._ Bepori Oy C. II. TnouNBiu., Esq., C. S., ff^rrttityy Uoud Fond Committee,} 

on the t/uildtHff of the Kanee*s Bridge nt NindAotr/rc (Jhunt, Sh<ihjr;liMf>p<}rr, 

In the early part of the year 1815, (he Ranee of Powaaiic, who is ju j»ossca£ioit of 
extensive os totes, about 16 miles north of the station of SHalijchan|K>re. applied through 
the Collector for a loan from Government of lU. 21,000 for the purpose of building 
a masonry bridge over the river Runout, which runs across the rood truru rowabie to 
the station and city; and at the samedme ro<juv8tcd the Road Fund Coinmittoe to 
undertake the work for her. 

<2._The sanction of Goveminent having lioen received ou both points, the Oom» 

mittee at once applied to the Supeiintendiug Engineer, Colonel Abbott, submitting 
for his approval their design, which consisted of 5 arches of unequal spans, giving a 
total waterway of 170 feet, of which Uie largest being placed in the centre, raised that 
part the bridge above the flanks, tho object bcu^ to allow of the passage of boats 
under‘the bridge during doods, and at tho some time save the heavy expense of 
embaoked approaches, 

2 
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S.^Colonel Abbott, while he epprored of the plan lent op b j the Cominittee# 
flii^eated tbe great adranUge in appearance which a bridge gittna> bj haring the archea 
of equal aiiei and the linea of the parapeta, Ac. parallel to the horiaon, and urged 
that the addi^nal coat of the cnbankzDent wotild be amplj repaid bj tlie effect which 
would be gained. At the feme tioee he eent a dealgn of bia own, which was imme* 
diatelj adopted bj the Committee. It ejoiiitcd of time arches of equal span and nse, 
giring a total waterway of 150 feet; Colonel Abbott alao expreaaed a wish, that 
masonrj block#, which have been found to succeed ao well upon the Ganges Canal, 
ahoold be adopted in the foundations. a 

4. —The design haring been determined upon, the nest point to be considered, 
waa the aite« The coarse of the river Kimout is very tortuona, and in the vicinity of 
Aindhowlel,ita valley ia extensive i the breadth of the flood, which riaea on an average 
only 9 feet, being nearly ^ of a mile. It waa therefore neeeseary to take advant^o 
of the ground, lo as to reduce the embankment aa much as poasible. 

5. —The river hu never been icDown to aliiit itt bed, which being eompoaed of n 
tenacioua clay over which the water seldom flows with say rspidi ty, there was Uttle 
danger to tbe bridge to be appeehended on that seoro. 

6. —To asoertain the rate at which the floods passed through the valley, advan¬ 
tage wu sabseqwently taken of the conatniction of the Bridge of Boats at Lodbeepoor, 
eight miles belo w Si nd ho wlee, to contract the outlet of the flood to 125 feet. Through 
thU, the greatest velocity attained hy the water, waa 4 feet per aecond; or a Iktle 
lest than 3 miles an hour. 

7. ^TIiere being then no perceptible destructive action of the river upon its bhnka, 
the necessity for placing the bridge below a tong straight reach waa obriated, and the 
selection of the present position waa caused by its proximity to high ground on the* 
north bank. 

8. —The bridge wu placed at right anglea to the eoorse of the fleodi, without 
reference to the'samaer water of the rWer; which it was decided could be aubiequently 
directed towards the bridge, by cutring a Canal through the iatbmus of the reach 
above it, 

9v-^A reference to tbe plan of the abotments in tbe aceon^anying sketch, will 
shew the nature of the blocks which form their foandariona, A framing of 12 saul 
timbers each one foot square, wu constrocted by laying fl rimbers in pairs, with a 
space of 5^ feet between each pair at right angles, to six others similarly prired. 
These being let into each other by halving, a platform was produced in which there 
were four squait apertores of about 5 by 5} feet each, Tbe comers of these were 
again filled in so as to make the aperture ociagohal. Two platfonne that formed and 
strongly seenred irith iron bolta and etr^ie, were placed in 4itu^ als feet apart, on the 
southern bank of the river,, in aa excavation which bad been carried down to the water.. 

lQ.^On the 21at June 1845, the Ranee of Powaine bmclf proeeeded to the 
■pot, and (conecaled by the trench) laid the first brick with much formality i the event 
being celebrated by a display of fire-works. 

* 11.—'Before laying the masonry upon tht timbers, iron rods I inch diameter 
were thrust through holes bored in the platform, and secured below by nutij the 
upper part of the soda were then turned into loops one above the other at about 1 foot 
apart; and through these loope wooden staves were inserted parallel to tbe pUtforni 
below. The muonry wu then proeeeded with in tlie usual way; the briejg laid 
round the octagonal apertures being dressed to a point in their centre, u in a circu* 
kr well. The courses, aa they rose, built in the staves, so that tbe platform becam* 
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fnoH BMiirelj attached to the bricic worlc. Thie precaaUon was foond of great #er- 
»icc, when the blocka reached a depth of aboat 18 feet, for the friction produced bj 
ao large a surface in contact with the cloicl^ compacted land, through which it was 
sunk, rendered the descent eery alow, and although the blocka were loaded abore with 
an enormous weight, it frequently happened that the earth wu entirely scooped out 
from below the wooden platform, lo that bad im precautions againit luch a contingency 
been taken it would have fallen away from the masonry. 

a depth of 17 feet, a thin stratum of small nodulH of kuokur waa met 
with. It wu not^oniidcred safe to leave the blocks at so small a depth upon a 
doubtful bed. They were therefore carried down to 32^ feet, where the kunkur 
assumed the form of large mtaies having the iutersticei filled with very coarse sand* 
Tliis stratum was lubsequently found to crop out at a distance of about COO yards to 
the north of the bridge, and as it forms the support of all the foundations, the slight 
dip rendered it unnecessary to carry the northern blocks more thau J9J feet below 
the bed of the river# * 

13. ~Tbe operations which have been carried on in the Ganges Canal have pro* 
duced such detailed reports of tbe mode of working the blocks, that nothing remains 
to be said. The large sise of the blocks used in the Ksnee*! bridge, however, rendered 
the greatest caution neccuary, to prevent the surface from becoming unlevel by 
unequal subsidence of the corners i the correction of tbit error being a work of great 
difficulty and delay at all times, and in extreme cuee an impossibility. 

14. —The masonry was built in stories of eight feet, the second story com mono* 
ing afler the Kachees had brought the top of the first to the level of the water by 
sinking. 

13.—Ihe piers were founded upon double lines of cylinders as they w^'re thought 
to be more manageable than large blocks, when the adjustm^t and commencement 
of the work was necessarily under water. Ihe four abutment blof:ks and 16 pier* 
cylinders having reached the l>ed of kunkur before a]1ude<l to, were nlled with chip* 
pings of bricks, konkur, refuse of the lime-kiint, and fine sand, a*»ou( one foot at a 
time being filled iu, and cloKly rammed. The apertnres were flien closed with fiat 
vaults, the surface of the dome being on the level of the bed of tlic river. To eflect 
this, it waa necessary to employ gangs of men nigbt and day to bale tlic water, so aa 
to keep the masonry from being submerged until the mortar had set. 

16.—The two blocks forming each abulmcot were tlien connected by an arch, 
and tbe masonry continued to a height of 9} feet, a double arch was also introduced 
in the body of the piers, so as to throw the weight of the bridge upon tlie centre of 
the cylinders, and reliere the vaulted spaces between them. 

ly._Having obsericd the great difficulty of preventing tome settlement in 

retaining wr119» by which an unsightly crack is produced in the parapet, a cylinder 
was sunk in the line of each wing wall, about 10 feet to the rear of the abutment ; 
12 feci beyond this, short piles were driven and covered with stoot planking; arcbea 

were then thrown from the abatment to Che cylinder, and again from the cylinder 

to the piles; so that the enormous weight of the wall, which w 29 feet to the top 
of the parapet, is divided upon three atrong point#, instead of being thrown upon 
the insecure soil, which immediately adjoins the bed of tbe river. 

18.—The alterations in the bed of the river, caused by the sinking of the cylin* 
der^had by this time distributed the wster between two of the piers, learing only 
one Itch dry st the commencement of the year 1847. It therefore became necessary^ 
Co construct two centres, which should olTer no obit roc lion to the floods, should any 
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ftccideni protract tUe completioQ of the arches bejond the commeneemeDt of tho 
periodjoal runs* 

19. —Tlie foUowiVig design was accordingly selected, as comhining the greatest 
Strength with simplicity .—VUU Sketch II. 

20. —WJkcn, however, it was erected, the joints were found so defective, in the 
nicety so necessary to ensure strength* by an iMiual distribution of the strain upon 
every part; and the skeleton centreing first pnt up, having fallen, in conscqaence of 
the neglect of the CArprnter to brace it at once, the supports, Fig^, 2 ami 3 were 
added, the former under the southern, aud tlio latter under the Sidju arch. 

21. —The northern space was nearly filled with great masses of sun*dricd bricks, 
and a pattern having been traced on the ground, nnd built upon 6 inches, in relief os 
a guide, the southern and centre arciics were commenced together, and after ad van c** 
ing a third tugetJicr, tlic wliole of the masons were put upon the former, so as to com¬ 
plete it at once, ami enable the massive centreing, which would oppose so great an 
obstacle to (he floods, to bo removed. The north arch having been keyed in May, 
was At once hrouglit to its bearings by a very clever suggestion of Cheda, tlie head 
mason, 

22. —Tlie siip]>ort was composed of pillars of sini'dried brii;ks only. Upon 
flooding their foundations, they yielded to the superincumbent weight of tlic arch, 
w])ich gradually settled 3 indies, within H hours of heiiig keyed; the subsequent settle¬ 
ment was not quite half an inch, being nearly 3^ inrhes nltngcthcr. This, although 
trifling, compared to the settlements which took place h\ many stone bridges under 
celebrated French Engineers, is nevertheless laigo, and as will be seen, greatly in 
excess of tliat of the other arches. 

23. —On the completion of the northern, tho middle and southern arches 
were jiroccgdrd with. The former, being kept in advance, was completed some days 
before the latter, and tlic centreings were lowered by driviiig out wedges, the moment 
the arch was kbyed. Alt hough the wicthud of inserting these wedges was very 
rude, compared with that adopted in England, yet. they were found to answer the 
purpose designed; while the want of skill in (he carpenters |»rcvented the attempt 
of any thing more complicated. The settlement of the middle Arch was 2 inches; 
that of the southern barely 2 inch. 

24. —The completion of the arches and romoval of the centreings before the 
ocenrreace of any severe flood, ]>rcvented any hindrance to (lie navigation of tho river; 
but the rise of the water, oJid consequent submersion of the wing wall foundations 
combined with the cessation during rains of all brick-making, threatened to delay 
most seriously tho progress of tJic works. Most opportunely at this juncture, the 
materials of a distillery, belonging to the late firm of Barron nnd Co., situated upon 
the river Kunout, about 40 iniles above the bridge, were offered for sale. The com¬ 
mittee at once beenme the purchasers of the bricks, upwards of o lacs of which were 
floated down the river before the cessation of the floods, and as soon as the traffic of 
carts recommenced in September, the bridge wee so far advanced ns to admit of their 
being alluded to puss over it. 

*13 ,—The work was eontiiiaed from this time without any interruption, or the 
occurrence of any iuddent deserving of norice, aud finally completed on the 9tH 
April I84h. l 

20.—The embanked approaches were commenced In October 16 iO, and e^Ked 
up in layers, 5 feet at a rime, in order that this foiind.arion of the rood xniglit be 
gradually consolidated by one whole nuny leoioui aud even with this precaution 
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when the roa^ haJ been completed aiid traAie on it commenced, the lubsoquent 
sufaftidence, by coiitoUdatioD, wna lo great, as to cause considerable inconrenience, 
and require constant repair; our can it be liopcd that this mound of earth (upwards 
of 25 feet liigh at the bridge) will bo kept in an cflicicnt state of repair, without 
constant care nnd attention for some years, and tlio protection of the grassed slopes 
from the action of the rein by tlie constructson of low walls on each side of the road» 
having in tJiom apertures, leading lo tiled or masonry shoots. 

The local circamsianccs, under which this bridge was erected, were upon 
tl»c whole very favorable. Ksccllent ktinkur for lime was produced within J mile 
of its site. A good foundation of kunkur was found at 22 feet below the bed of 
ilio river. Charcoal for burning the lime was obtained nt a cliea}) rate from the 
Ibrcsta in the north of the dbtrict. Timbers fur the centres posst^si^^ti the river 
during tie Hoods, thereby savbig all expenses of Imid^carriagc. And IhStly, any 
number of excellent brick*laycrs was at nil times prorurable from the city. 

28. —The trusses winch formed tlio centreings, allhoiigh composvd of heavy 
timbers, were raised with great facility hi the following manner. The piers being 
railed to the intended beiglit and Icvellod, a large boat, :>0 feci beam, was floated 
beiween them. Upon tliis a strong scalTolding wiis erected, and a platform loid upon 
it, rather above the piers. To this jdatform, the timbers were raised sijigly and then 
joined togetlicr, the feet of tlic rafters laying iqion the tcni]»orary piers, upon which 
the centreing was niter wards to rest, in the position (hey were inlcuded to occupy 
permanently. The collar*beam and IroiKic having birn adjusted, the united cHorts 
of about 2H men raised the truss wdilch was secured by guys. Tlio boat was then 
shifted down the stream, OJid a second truss raised and secured i»y woodv t braces to 
the first. The main trusses having been raised ruid secured, the smaller trusses were 
adjusted above them, ajid similarly braced, tlio form of the* Arch was Qjipruxiinately 
given by curved pieces of mangos wood laid upon the upper trusf ♦jy a cross T]ie% 
bamboos were secured iu tlic usual maimer, avil tlic correct curve ol 'ained by a layer 
of clay [irotectcil by a tliin coating of jnortar. 

29. —111 turning the arches, the correct radiation of the voussoir conrses was 
secured by the creetiou of a wooden railing on vlther edge of the centreing, the bmmis* 
ters of which were r«/(7 to the curve, and a correct plan of half Uic arch in relief was 
coiiatrncted upon the groitod, dose to the arch, from which the work was verified 
from time to time as it advaoced. 

30. —Tile bricks for the arcbes were most carefully selected; only those of the 
dccjicst red being used. 

31. —in the southern arch, which was first tnnieJ, t^c mortar was not ground 
more than -i lioars, in the expectation that by carefully keeping the nirjionry well 
moistened until the keying of the arch, and striking the centreing instantly, tho 
cuormous compression to which it would be tlicn subjected, would bring the bricks 
into actual contact, and ensure a |»crfect consolidation of the mass. Whi^n, however, 
the versed sine of this arch was found to liave diminished 3} inches, the possibility 
of the altcrntion of the form of the curve in couing to its bearings rendered tho 
repetition of the experiment unadvisable; the morlar was therefore continued in tho 
mill 8 ikours for the second arcb, (in which the bettUment was found to be only 2 
inches,) and for 12 hours in the third arch, where the versed sine was found to bavo 
been lessened only one inch. 

32. —In stone bridges, where the vonssoin are eompoKd of a single stone, the « 
elasticity of the wooden centreing causes each joint to ojien and dose in succctiion, 
as the gradual^dditioQ of the weight produces a change in the form of th^ ccuire. 
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53^In Uiif bridge, bowcrer, the whole effect eppcvt to bAve accumaUUd at 
one point. For when about 13 feet of the arch had been laid, the extradoa at about 
the 40th coune coDunenecd opening, and the joint continued to eeparate until the 
arch had advanced to about 10 feet, when the direction weight b^g altered, the 
aperture then about 1} inch wide, gradually decreased until, on the keying of the 
arch, it nearly closed. In consequence* of the voussoirs being composed of so many 
pieces, it did not entirely close, but allcr the centreing was removed, there was still 
a distinguisbable crack, 

34. ^The highest flood level has been placed at the springing of the arches, but 
although such floods are reported to have occurred, the highest within the last 6 jears 
hss not reached within 1 foot of the height of the piers, It was mentioned above, 
that the breadth of the flood was nearly ^ mile, this however arises partially from 
the flood level of tbc river Ghurra beiug higher than the Kunoul, which flows into it. 
TkiQ cause of this Is probably the excessive falls of rain in the hills, wiiere the Ghurra 
rises; the Kunout on the other hand having its source within the Bhalgehonpore dis* 
irict, receives only the drainige of the linnr.eJiate neighbourhood. 

35. —Instead theri of receiving the superfluous stream of the Kunout, the Ghurra 
actually pours some of its own flood into it, causing a counter*currcnt, which is felt 
as high as the dty of SImhjchanporc, and a beading up of tbc sireim which is felt 
above Sindhowlee. 

30.—The actual flood section, for which it was necessary to provide an outlet at 
tbc bridge, may be taken at about 1,400 fret, and as tliis is teas tlian Itic area of ttie 
section of the bridge without the arches, it is to bo hoped that no heading up of the 
water, and consequent destructive action of the current upon the bed below the 
bridge need be aj>prehendGd. 

37.~Prcvioua)y to the setting in of the rains of 1947, the intended canal was 
cut through Xhe neck of land formed by the bcod of the river above the bridge, aud 
the old channel bunded across, so tba» the bridge is now at right angles to the per** 
uauent bed of the river, as well as to the direction of the floods. 


Siatement of Cfunyet inevrred in conitneting (he Sindhowlee Bridge for (he 

Kanius 0/ Fowaias. 


1.—Diacmo Fovksation. 

87 Coolies from 1 to 2 annas each, •• •• 9 9 6 
Digging 26 square yardsf @ 6 pic per yard, 8 3 3 


Plafferwu, (Square^) 

24 Timbers, at different rates,— •• — 420 

32 maunds of Iron, (g 5 Es. 7 as. 6 pie,* and 

Re. 9 per mound, •• •• 193 

40 Blacksmiths, from 2 u. 6 pie to 4 as. each, 80 
1,117 Carpenters, from 2 u. 6 pie to 4 as. each, 163 
Sawyers for 258 pieces, <3 12 and 13 Rj. per 
100 piece, •• •• •• -- « •• •• 31 

20 Kirbs, <3 7 Bs« 3 as. 2| pie each, •• H4 


9 5 

2 3 
0 0 
6 3 

0 11 
0 0 


17 12 9 


1,102 2 10 
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Brought forward, 


Moi^Jor Cy/iMder4, 

2»2d4 Muont, from 1 to 4 onnao, >• -• -> 971 11 

&»40B CooUeB for aiding Masona, from 6 pie to 2 

anuaf 6 )iie, -• •• -• -- *- •• 459 11 

9^902 CooUea for lUUng up mud, from 2 eonv to 

2 annaa d pie,.105S 2 

2,64,460 Biicke, @ 53d Ri. 12 la. 7 pic per lac, 1423 7 
7,000 mdt. of Konkar lime, < 3 ^ 10 lU. 13 as. 

10 pie per 100 meuode, •- •• •• •• 757 10 

400 mda. of Stone lime, 0 15 aa. 3^ pie per 

mound. .-. 382 11 

Sinking SB feet I} inch Blocke, 4 lU. per foot, 352 8 
Ditto 59«0*1<7 feeC*dUmeter at 1 Re. per foot, 59 0 

Ditto 232-6*B feet ditto, ^ 14 as. per foot, •• * 203 3 

Ditto 47*0>7 feet ditto, (g 12 as. per foot, 35 4 

Miscellaneous Charges,. •• 671 8 


Q.^Piana. 

1,057 Mesons, from ) to 4 ennas,.. 

2,887 Coolies, from 6 pie to 2 annas, •• •• 

1,40,000 Bricks, ® r>38 Us. 12 as. 7 pie per lac, 
3,000 mds.of Kunkor lime, @ 10 Rs. 13 as. 10 
pie per 100 maunds, •• •* 

2,500 mds. of Stone lime, 015 as. 3} pie per 
xnaund, -- — -- -• -• -- 


3.^-CaNTRIINO A340 ArCKBS. • 

Cmiremp. ' 

40 Timbers, 0 different rates,.761 7 

1,595 Carpenters, from 2 to 4 annas, 400 0 

760 BUcksmitbs, from 2 annas 6 pie to 4 annas, 134 10 
Sawyers, for 595 pieces, 0 12 and 13 Rs. per 

100 pieces, “• -- -- -- — -- 71 4 

15 mds. of Iron, 0 8 and 9 Rs. per maund, 139 6 

81 large iron Screws, 0 6 as. each, •• •• 31 6 

1,00,000 kucha Bricks, 0 4 annas per 1 , 000 , 25 0 

Miscellaneous Charges, •- — •• •• 720 1 


1,119 15 7 
3 
9 

3 

4 


0 

I 

0 

0 

0 

0 

5 

- 5,971 U 7 

-S— 7,094 13 2 

248 1 6 

268 8 3 
754 8 iO 

346 9 . 

240 9 iO 

-- 1,858 5 9 


0 

0 

1 

9 

3 

0 

0 

w 

9 

— 2,283 3 10 


^rcAet, 

4,588 Masons, from I to 4 annas, — 941 10 9 

10,348 Coolies, from 1 to 2^ annas, -- 1,134 14 0 

1,50,000 Brick., @ 538 Ra. 12 u. 7 p» Ue. i?08 7 9 
3,400 mds.of Kunkuilime, 0 10 Rs. 13 as. 10 

pie per 100 maunds, •• •• •• 368 4 10 

400 mds. of Stone lime, 0 15 annu 3^ pie per 

maund, ... •• •• •• 382 11 I 

MijcelUneoul Charges,. 95 9 3 


K 


3,731 2 8 
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4.—Parapct* 

9,3)8 Muoni, from I to 4 onnaa,. 

5,7)6 CooUm, from 1 to 2 Minas. •• •• •• 

15,080 io srs. of Ruokur lime, (g> 10 Rs. 

13 u. 10 pie per lOO mtunds,. 

41ft mdi« 13 srs. 6 cks. of Stone lime, Ij ai. 

3^ pie per maund, •• -• •• 

ft,15,200Bricks,^ 538 &a. 12 as. 7 pie perUe* 
Miscellaaeoue^Chsigee, •• •• •• •• •• 

ft'Pl.ABTKRnrO. 

3,961 Masons, i^om 1 to 3ft annas, •• •• 

4,735 1 to 2 annas, •• ** 

10,000 mdi. of Kunkov lime, @10 Rs. 13 as. 

10 pie*per 100 maunds, •- 

207mdi. 26srs. lOcks.of Stone lime,® 15 as. 

3ft pie per znaund, •• 

MisoeUaneous Charges. •• •• •• •• •• 

6 Ar pmoAcan. 

15,31,028 cubic feet road, ® 3 as. 6 pic, 3 ai. 9 
pie and 4 annas per foot, •• •• -• 

2,028 Coolies for sloping sides from 1 to 2'annas, 
A dam from bridge to west, •• -• •• .. 

134 Coolies for making dam from 1 to 2 annas. 
Compensation for owners of land, •* •• -• 

1,350 mds. of Kunkur for lading orer the 
bndgi, @-J^Ke. per 100 mauods, •• •• . 


Deduct realised from sale of wood. 
emplojcd in centreing, -• •• •• 
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5 

208 

12 

0 
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5 

9 

03 

12 

0 

13 
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0 

_ A 1 £/l % jK 1 


27,276 11 9 
1,276 U 9 
Total, Co.’i Bb. 26,000 0 0 


C. B. lliORNHXLL. 
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ELLIPTICAL TUNKEL BRIDGE AT SEOKEE. 

Letter Kq. 3002, dated AllakaUd, Utk Marek 1S49. eireu/aied 6y Majo» A. H. E. 

Bon«*u, SkperirUeadiag Engineer, Central Protineet. 

filR, 

1 hare the honor of forwarding, for yon/ uae, a plan of the Elupttcai. Briogb» 
tuiU at my taggcation, hy Lieutenant D. Briggs, Kxecutire Oflicer of the Great 
Dcccan ^ad in 184M^ one mile aouthward of the atotion of Seonee; and which, 
after haring been exposed to the action of two monaouni, or rainy aeaaona, has been 
found to answer iu intended ])ur]ioic, aduiiraldy; rix., to lubatitute a cheap tunnel, 
with scarcely any foundationi at all, in place of the ordinary kind of bridge, with 
mawivc and coatly foundatigna, which liate uaually been coiisxderccl ncceiaary in bad 
eiCes, and specially on the black cotton soil of klalwa and Gondwarfts lI^ ^ 

2*—The Elliptical Bridge, of which Ibe plan 19 herewith circulated, lioa a water¬ 
way of JOXO feet, with a tunnel about ‘Ji feet Joug and H feet tliick. lying upon a 
thin bed of concrete, (aa Mjm) In the drawing.) and without any otbir foundation, 
than a front and rear drop-curtain of feet aection. by which the atralum of 

black soil, uiidcr^lying the concrete, ia maintained iu aeomjiact ataU: and any cutting 
away of the bed of the nullah by the current ia guarded agaiuit: tliougli iliia hod 
been partially provided for by fiukijig ibo dower of the tunnel, nearly a foot below 
the natural bed of the atreatu. 

3.—The cubic conCtnU of ibii bridge are 1.258 feet of plain masonry, (burnt 
bricks fvt in liiuc morUr.) and l.UiiO feet of Elliptical inaaunry of the aiune kind i the 
whole being plastered as usual, and coating Co*s Ra. 218-1U-0. The kinC of bridge, 
for which it was ijitemled as a substitute, was to have cost Bs. GdU; the tunnul 
being 24 feet long, the pnrajieU 2* thick, with a roadway oPdO feet; and a waterway 
of ibX7 feet i so that the ditiVrcucc in point of cost U most atrikjugiy in favor of 
the elliptical bridge. 


Vo. ll,—Extract ^ e iVbfe, from Captain J. It. Oi.dpield. ExtCMlive Bnginctr^ 5M 

Xl/ais/oM, Atjra, on Major A. U. £. BoiuMu*a ThhhH Erulffx /or smait «/wm, 

dated Agro^ 0th Jgril itiid. 

Tlie concrete. 1 am in the habit of using, consists of, 

One part.—Well ground mortar^ made with kuiikur, lime, and bujree or coarso 
•and{ in the proportion of one of the former, to two of the latter 

One part,—Coarse bujree or gravel i— 

Two parts,—Well burnt brick, broken up into pieces which would jtass through 
a ring of 1^- inch diameter. 

The mortar, grave), and broken brick, to be intiioately mixed in small heaps, so 
as to preserve their relative proportions throughout the mass. The mortar should 
be used quickly, as it comes from under the rollers, and never allowed to dry till the 
work is complete. ^ ^ 

Tiie concrete may be laid down in layers of from 0 to 9 inches thick, and beaten 
with heavy rammers, whilst thoroughly wet, and before being allowed to set. In case 
of more than one layer being required, the lower one should not be allowed (0 sot 
before the upper one is added. 

Tho bottom of the excavation may also be well rammed before the concrete is 
lud down, should the soU be compreisibU by the blowi of an ordixury rammer. 
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No. 11.— 2)etcfii)(icn o/gAf Wooit% Brldgt r«/erml U in tke preceding Mhr, encloitd 
in a fomtnunieolion fiom Mr. 11. Biocs, to the Skcretaky Military Doartl^ Fort 
Wmiam, forwirdiny model of a Wooden Jiridye IfuUt at Sinyapore. 

Tb« bridge from wLlcU the RccompRnying model If Ukeii if one erected at 
Singapore, ou rbe road leading to the Dortli of the town acrofs a Bmall stream. Tlie 
length of the ipan between the support u«59 feet, the breadth 10 feet, height of 
sidefl 7 feet. The whole is constructed of planks, with the eiceprion of two posts 
at either end, and the tieepen on which the roadway platform is supported. The 
bridge wu conitructed by CapUin Stcreniou, M. N. l!, Executive Officer, from n 
description of an American bridge of somewhat similar, but considerably more eom« 
plicated nature (which was erected by an Officer, U. S. Army), consisting of 0 arches of 
130 feet span cadt, and over which the turnpike road is carried on tho4imr level* (or 
that of the bank of the river,) while the train-road of a railway iscarrled^o^, form« 
Ing a double bridge of 1,170 feet iu length. The mAtcrials used by Captain Stevenson 
in construeling this novel, if not unique bridge,*at SingApore, were slabs and other 
similar planks, Ac., the refuso of the timber-yard, fastened together with wooden 
pins; Iron-bolts with screw nuts bciug used where tlie disgonal planks meet the iron 
oneil one to each, so as to bring the frame together in the closest mumor. llcsidei 
these no iron was used, or^tUer material than wood. 

l*he planks used are 1 inch by Vi or nearly so, and, at Uie ends of the bridge, are 
received into the supportiog posts cut out for that purpose, and then pinned together* 
Tho horisontal planks when being placed, require tliat care shonld be bnd to 
prevent their being joined at the some spot, or elsewhere than in tho mi< die space 
between two of tlic diagonals, when the joints being accurately fitted tli / arc kept 
In their places by the pins. The sleepers are placed apart from each othfi 10 inches, 
the distouce between the diagonal planks being 20 inches; such slrcpcrs os ore 
placed l>etwceA the diagonals are notclicd, so as to allow of tlieir tr^tiApplng 
tJie horisontal planks, and thus form binders to prevent the latter ^rom bulging out 
on any great pressure being applied. Over tlieso sleepers, planks are nailed diago¬ 
nally to form the roadway. Tiic diagonal upright planks arc pinned together at the 
point of contact in the centre, as well as above aod below. The roof is a light one 
of leaves, as generally used iu tlic Straits. 

Mr. Thompson, Civil Engineer, Singapore, toll me he was prepared to construct 
bridges on this principle, 13U feet span for about Rs. 700 each. 

The model Is on a scale of 1 inch to a foot, and represents therefnro a bridge 
21 X proved with 27GJIbs. placed on it, a trifle less than 2^ cwt., 

which caused it to yield e<(ual to 3 Indies, but the model received no injury. Tim 
expense of such a bridge of the very best materials at Monhuein Is abou; Ks.lO per 
running foot; one of the size of the model would cost Its. 193-7-^, and requiring no 
greater degree of skill in erecting than that jKisscssed by the most ordinary descrip¬ 
tion of workmen; hence it is likely to prove useful in countries where wood abounds, 
as even should plonk not be availoble, small trees, if core wns Uken in fitting them at 
the pomts of contact, would answer equally wcir. The traffic over the bridge at 
Singapore is very considerable. Ruffiiloes witb heavy carts are coulinually passing 
and re-passing all day, mid had done so for two months ere 1 left, without damage to 
the bridge in the slightest degree. 

The bridge is a temporary one built to keep open the road, whilst the pucka 
one Is being rc-buiU, and hence the use of inferior maUrial to ssvc expense; tlie cost 
1 believe did not c:tcecd lis, GO or 70, 
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DESIGN FOR A BRIDGE OVER THE NURBUDDA NEAR JUBBULPOOR. 

By Lievt. David BRicca, JMulpoor atul KampUe } 




SPBCtPiCATfON, fift Ult of a Timber Bridgr, iri^ a/m# •^ero oind obvt* 

monUt aeroH the ritor Nvbbvsda, fft Gawarik GraTi 3} miUo diitoint from tko 
oiation JvB0VtPOOR» lAe Gbrat Deccan Road. 

1. ^—Length op Bridge.—T he bridge will be 070 feet in length, divided Into 
ten bAy»j the dUtance between tbe centree of the piere being 07 feet. 

2 . —AnuTMRMTS.—The south abutment ahaU be built 15 feet boriaontelly, and 
13 feet vertically, into tbe b«iik, which la compoaed of very atiff clay. It ihall bo 
built in steps fe^fards tbe rear, ao as to give it a batter of 6 inches in 18, until it has 
acquired Ific requisite breadth of 15 feet; below which the foundation will be carried 
down 12 feet, at an tn^le of 35% bnilt in sicpa of 12 inches wide and 18 deep, u 
shown in Fig. 3. The north abutment will be sunk into the bank 15 feet vcrticAlly, 
with a base of 14 feet, protected in the rear by fourateittof 18 inchea In breadth, and 
3' 9" ill depth. The face will also be secured by four steps of one foot each. 

3. —PiRRS.—The foundation of each pier, shall be sunk until it rests either on 
rock, or ancli hard compact foil, as to place any chaiicc shifting out of the i^uca* 
tioi). Tlic muaoiiry ahall he laid in courses of two feet in thickness, decreasing in 
steps of 12 Inches wide and IH high, towards the level of bed of river. The piers 
shall be 40 feet high, 10 feet wide at fool, and four lect at top; 28} feet long at hot* 
tom and 17 feet at toji; having the iip-strcam faee protected by the blocks of stone, 
composing the cohiimi, being laid ao as to funn a eut-wntor projecting one foot. 

The down-stream face will he biult lu ten steps, one foot wide and four feet deep, 
(r(de Fig. 2,) so as to form a buttress oRVriiig the greatest resistance to the volupie 
uf down on the pier, as also aifording an easy means of ascending or 

descending to any part of the piers thaf may require rojiair. 

4 . —Matkhial.— 11 lO whole mosunry used will consist of blocks of dressed sand* 
atone laid in regular courses; the mortar of atonedime mixed with rher sand, in the 
proportion of tw o uicasures of the former to hve of the latter. 

5. -.-The principle on wliich the superstructure of the bridge will be constructed 
is that entitled the ** double truss” iuVv'utcd in 1835 by ithiel Town, an American 
Engineer, and that it may be unilcr^t.ioJ how much it is practised, and haw well it 
answers, 1 have in Appendix A., given a quotation from Mr. Woale*s work on bridget, 
which mentions a few of the instances where the principle has been successfully adopt¬ 
ed in crossing rivers of great sloe. 1 may here mention that the bridge licrcin 
specified shnll be of suflicicnt strength to bear the weight of an engine, and train of 
loaded carriages. 

C.—The bridge will be constructed of a double truss on each side of the road¬ 
way as shown in Fig. X Each truss will consist of a scries nf diagonal braces 10' by 
3' iiicliinHl' nt an angle of 47^ crossed by another series inclined at the aamp angle in 
an opposite direction, and of n hdriaoiital string-piece 12'by 3}'on each side at top 
and bottom; the whole being firmly secured by trenails of babool wood 1} inchca in 
diameter. 

The height of tbe truss will be 0 feet; being Utile less thsn one4enth of the dis¬ 
tance between the piers. Bach double truss will be further strengthened at foot by 
three wall-plates, each 14' by 9' pinned Into the truss frames, and the whole secured 
by Iroa straps 2' by puring round both wall plates, and string pieces at every ten 
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Fig. 2 shows the waj in which the double tniues will be put together with 
BtriDg-piccee between them, end the walVpletce at foot; end ^g. 1 gires e honeontel 
section, ]*]>owing how the treniulB connect each string>piece end truss. 

At everj five feet, tie-beems 9* bj P** will connect the lower part of the double 
tniSB frames with each other; and at ererj 5 feet on the top of tti9 frames at C.C.C* 
(erroncoaely shown in Fig. 3, as on the top of the crossing of the truss braces at 
door beams 9* by 9* shall be placed, connecting the trass frames together at 
top. ETet 7 second floor beam shall extend 3 feet beyond the verge of the roadwaj* 
to receive the struts of the railing stanchions at right angles to the door beams; and 
pinned into them will be laid roadway beams 7' by 7* at every 3 feet. The dooring 
will consist of 3 inch planks extending across the whole surface of tlm pUtforni, snd 
two skirting bosrds, 5 inches high, and 2 inches thick will be set up slong the edge 
of the planking, to confine the road metal which will be laid on 5 inciica tliick, * 

The railing will be 3 feci high witli sUncliions 3* by d* lot into the floor beams 
and propped up l^y stout struts at every 1(1 feei« The stanchions ihall be connected 
together, by a top and two diagonal braces, of a scantling of 4' by 3*. 

7. *—'AppnoAcusa.'—In the estimate t liave allowed 15 feet of wood*work on 
either side for the approaches to the bridge, which, however, will scarcely be necessary^ 
u they will be cut out of the solid stiff clay. 

8. —Descaivtiou o# wood used.^AII the wood re<)ulred for beams, wall-plates, 
(rtiis braces, &e. shall consist of wclbicAsonrd teak, and the whole of the wood used in 
the t)ridgc will be steeped in a solution of corrosive sublimate for the space of 7 dayi.f 
All the wood used in this bridge will bs cut up on the spot by a saw-rrill driven by 
water, of a very cheap and simple construction; a description and plai of which are 
given in Appendix E. 

* T bad at find iotondod to andose tlie wbdo wood*work Sf tbs hf a coverios of 

plank. M reprcHcatcrl in Fla. 0. but as thoexpenso wouldbo very hoavp (ab^iir JU 44.w».>an(lt 

bolievo iocomaioa^urats (o the advaatssoe gained, I Khali ouiii any msuliuo *’Vit mthinipedSeaUon. 

♦ 

t Ufofr.—1 have been dclerrsi] from making provisioa In this spsdficali 4 H for cotlior painiiog, or 
paying with dammor, tho wood*«rork of tho bridpo, by the wntlcn tesUmouy of so many exporieoosd 
Ofltcort of trlio Eugincor Dopartincat, both in this country and in Fn gland, ^ which goes to prow*' 
that painting or pnyiDg is one of tbs groatest caunos of decay in timbor, as it oomjdstcly prsvants 
ibo air from acting on tbo wood,** thereby keeping all moisture witbio, wkivh of iMf is sufllowit to 
decay it.**/WrN(PMf r<rp<r4 qf fAs Sogal SMtutetr*, Tsf. 7% psye tBi. 



m 


•Ct.SCTlONS fROM THl RtCORM OT OOVRRHHRKT. 


SsTiHATR* fiouud by Ltsut. Bavtd Briggs, 0 / tkeffrobalU expense tAal 

inewrtd m building a Bridgt^ 0 / ten bayt, <m the ** double trued* prineiplet iicroee 
the river yurbudda at Gctoarie Ghai, near JuUntlpoor, an the Great Deccan Road; 
aeeording to the foregoing epec^coHon and aecompenging ptan^ Agra^ 29th March 
iSbO. 


Kumbbr. 

DcscurrrtOK. 

CouPANT'a Rurua. 



Ra A, P. 

Ra A. P. 

8877724 

Cable fcH of mReonry In RbutmenU and piere, 




at Go's Bb. 14-04) per 100 cable feet,*- •• 

12,428 13 3 

1 



Running feet of teak tiobers 14* by 9' at 

1 

1 



0*2-0 per foot, -• •• -- — •• •• 

750 0 0 


8000 

Ranning feet of teak atring-pieeca 12* by Si* at 




(^1-6 per foot, -• •• -- -• -- — 

750 0 0 


IGOO 

trasaei 14^' hy lO' by 3* at 0-12-0 each, - 

1,200 0 0 


HQ 

Ti^beaxoi lO' by 9* by 9* at 1-04) each, 

206 0 0 


Hi 

Door beams 22' by 9* by 9* at 1-4-0 each, • • 

257 8 0 



Running feet elcepers 7* by 7* at 0-1-0 per foot, 

375 0 0 


412 

Braces KK by 5* by 6* at 0-10-0 each, -- -- 

257 6 0 


210 

Iron straps, (screws Included,) 9' by 2* by i" 




at 2-0-0 each, -- •• •• -- — -- 

420 0 0 

1 

15916 

Superficial feet of 3* planking IS', 10* wide at 

1 

1 



0-3-0 per luperfidal foot, — — -- •• 

2,981 4 0 



Running feet of skirting boards 5* by 2* at 



■I 

j 0-1-0 per foot, •• •• -- 

225 0 0 



Running feet of rails 5' hi^ with etanchions 5* 


i 


by 5* at erery 10 feet at 0-8-0 per foot, - - 

1,000 0 0 


15916 

Superfidal feet of road metal at 1-8-0 per 100 




superficial feet, •• — — — 

238 11 10 



Trenails and iron work not incloded in the 




abore, — -- -• •• — — -• 

1,500 0 0 



** Kyanising^** the whole of the wood-work, 

1,000 0 0 



1 ^ 1 

1 


23,492 13 1 


Total, Co/s Ba — 

23,492 IS 1 


Total Contingendes, at 5 per cent, -• 

1,124 10 3 


w 

Total, Co/a Ba — 

24,617 7 4 


This meludes the filtuig sod setting*up of sU the wood*work. 
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APPENDIX A. 


DovBi^ Trum Dridgbs. 

Tlie following I 5 quoted from tbo dcocripUon given of the ** double triisi** bridgei 
in Mr. Wcale's work. 

“In Americft there ore alroodj nuiny of thcio bridge! on n acole of magnitudo 
“trulj gigantic s among tlie moet imporiant of tlicie if tlic one crated by tbo cylu- 
*'broted Engineer, Moncuro Ilobinioii, Esq.» for carrying ilie Bichmond and Pvtcr!* 
** burgh Bailwayr acroM the falia of Jamee* lUver at lUciimond. TUe length of this 
“bridge acroifl the river ij feet, and the lru*ffef are lujiportetl on eigbiecu gra- 
“jiile pilUfi, tho dUtanecf between the plere varying from 130 to 153 feet. The 
“plera arc founded 011 the granite rock over wbieli (bo rapidt How. TUelr Ueigbt 
“nbovo the eiirface of the water ia 40 feet, and they are carried up wUh n batter of 
inch in 2 leet verticni,*up to tblj beiglit of 40 feet above the water, where their 
“dimenfioni at top arc 4 feet in breadtii by Id ui length. The floor in tide bridge 
**JB on the top of tlie (ruse framee, and the deptb of iUcee being 20 feet, the road* 
“way if carried borisontally acrofs tbc river, at an elevation of GO feit above iho 
“water. Thia bridge was completed in September, and iU coit waa a'out jC 2 1,200 
“sterling. In addition to tliii great work on Mr. Town's principle, e>.cuted by Mr. 
“Moncure Robitifon, may be mciitlone<l uiotbcr on tbc fame prua*plc across tite 
“Susqiielmnnab, 2,200 feet in length with spans of 220 feet ;*bcfidi:^ several others. 
“These bridges may bo constructed of any kind of timber. ho^cu*rs<»n. providcvl 
“planks of about 27 feet in bnigth ran be^awedout of it: voile pine, spruce, and 
**|)0p1ar, have been extensively used in America ; but imk is objected ( 0 , oii account 
its tendency to spring or warp, if not well seasoned," 
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APPENDIX B. 


YsSTtCAt. SaW'MiIX. 

Hie aiuined skctcli of a cheap And simple Tertical 5aw-mill» an cemmoo nscin 
America, wiU show Uic means I intend employing in cutting up the large quantity of 
timberj 1 shall require in Uie construction of #ie work abore treated of. The follow* 
ing references tu the sketch will make the whole construction perfectly clear. A., the 
dam, formed of sq\iarcd logs resting agtinst a standard 12* by 12* strated from the 
rear: the dam being tilled to the ref|uisite height by a bed from the Nurbudda: provl* 
siou being made to carry off the surplus water. B.> is the sluice, 5 feet broad, IS 
inches liigh, and d Indies thick; wliich, when it is wanted to work the saws, is rmsed, 
and admits tlie water into the trough, C., to tiie wheel Vt whose outer diameter is 
only 5 fecti in order that the Telocity of th^ water may give it as many revolutions 
as possible, consistent with the necessary power, and thus enable the saws to mako 
ns many strokes u tlie wheel makes revolutions. The length of the wheel is 5 feet. 
K., a crank on the wheel-shaA, to width is tired the connecting rod P., (which is fixed 
to the bottom of the saw*frame G.,) whicli, carrying the saw or saws, runs up and down 
between the stoudardi, having an alternating motion communicated to it, to tho 
extent of tho double length of the crank-arm. E., K., is ibe lOg to be cut. It is mouut* 
ed on tho frame L. which has a rack d, c/, fixed upon its under surface, and which U 
supported by the rollers o, <r, e, a. The pinion N., on the axis of the wheel M., works 
In the rack; and, according as the wheel mores forward and backwarO, works tho 
frame towards or away from the saws. Motion is communicated to the wheel by tho 
pall c, c, (which may bo lifted out of gear, when necessary, by the rope and ring IL,) 
and the otiicr end of which is pinned iuto one of the holes in the arm of the bent 
lever 0. This lover is moved backwards and forwards by the rod c, c, which is jointed 
to tiic bent*rod P., fosteued at one end to the frame of the building, and at the other 
to the frame carrying to the saws. In tliis mill 1 intend uting three saws at once. 
Almost all the parts, which in this sketch arc shown ns of iron, may be made of bard 
wood; and 1 believe that the mill ma> be sot agoing for about lU. 100. At a very 
moderate calculation, it may, with the assisiouce of two coolies, saw up 2,000 ruiuiing 
feet of timber per diem, 




nft/i tne i*rpkAjt 7^4 
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DURABILITY OF TIMBER USED IN FORMING BRIDGES. 


Ko. 1.-'•Ejtfraei fparoffriipA$ $3, 84 and 85} of a J>e$patek from tht Honord^e the 
Court of Dirttiorit datod iotk February i850y tnquiring yoUh rtfiremot to ihe eau9^ 
truolvm 9f twa Bridgtt, BartiUy and Ihulaont tohat pmeauttonu had hetn 

taken tc protect ike tinder from iekUe~antd ond^y-rot. 

Paraffraph 63.—bndgMtretobecon$truotct] partly of timb^; the object 
of ihe Committee of the Bareilly Road Fond being to open communirations clirough- 
oat the Dletfict aj ^^oickly as possible^ which, from the dicapnoii and abundance of 
timber, they expect to accomplish within three years. 

64. —*' Tlje practice of forming bndges composed partly of tlml>er, has in some 
coses, as appears from the letter of the Secretary of the Local Committee, doted 26tU 
February 1R17, effected a saving of three*fonrtlis in the cost of their construction ns 
compared with masonry bridges, and they ore found fully e<(ual to tlic hc.ivicit traffic, 

65. —** This is satisfactory; but we sbonid wisli to be informed what method has 

been adopted in order to |>rotect tiic timber from the ravages of tlic wUite>ant and 
dry-rot;^ , • 


No. II.—R(y»or/, dntetl ^rd May )850, addreeMe<f to GovnAWHENT, Kartk JPeotern 

ProHnece, hy IIbnay Fii>cock, Esq., C. 6., ComwtUeioner of the Rohitcuud 

VivieioHm 

Sir, 

llnving circulated to the Vice-President of the several Road Fd.iJ Committees 
of this nivision, the Extract, paragraphs 63 to 60, of aDcspatcI^from i (io Honorable ilio 
Court of Directors, received with your letter No. dl7» dated r>th February lost, I 
have now the honor to tranimit timir replies.^ 

2 . —It will be observed that nnmerons bridges, partly of .assonry and partly of 
timljcr, liavo been constructed in thb Division, and that aUlmiigh no precantions 
hove been taken, in order to protect the timber from the ravages of tlic white-ant and 
dry-rot, beyond the common a|>pUcatiou of rosin, arsenic and oil, it does not appear 
to have sustained any injury. 

3. —Most of these bridges luive been recently constructed. There are, however, 
two referred to by the Bliahjelianporc Committee as having existed for very long 
periods witliout any apparent injury to their timbers ; one from 1717 a. o., Uie otlier 
from 1819. 

4. —>Vhitc-anls will not, I believe, attaek any substance that is not in a state of 
repose, and the seenrity of the timber in the bridges referred to, is, 1 have no doubt, 
mainly to be attributed to tlie vibratory motion communicated to it by the eonstajit 
use of the bridge. Of course, none but the hardest and darkest colored portion of 
the timber, is employed in the construction of such bridges. 
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No III.— "Lsmu/rom J. H. Babnbk, Gsq., C. 8., S^refaty to the Road Fund Con* 

mifiee of ike SAafyehanpore Diotriett to H. PiDCOcik, Eso., C, S.» Cwtmxo* 

eioner of ike RohUcund Ditinon^ dated i5tk April 
Sir 

In reply to jour Circular, No. 9, dated the 16th Febnurj Usii forwarding copy 
of a letter from Goremment, with copy of ita enclosure, the Committee would beg to 
state, that no provision has been made to protect the timbers used in their bridges, 
from either the ravages of the wliite^ts, or the effects of the dry-rot, beyoud 
what is commonly applied, via., a coroposilion of rosin, arsenic and oil, boiled 
together.* 

2. —At the same time, they would remark, that there are many bridges witbin 
the immediate virinity of this city, built on this principle, vU., of eombinatlon of 
masonry and timber, which, though they have been built for many years, have yet, 
as far as the eye can judge, tbeir timl>crs ^nitc sound and entire*, for example,— 

lir.—A small bridge, combining masonry and timber in the Kukra mohullab, near 
to t)ie Miidm Khcl Chokey, said to have becu built by Akhoon Moolla Jubbar Khan, 
in the years 1747• 

2W.—The Urge bridge oitr the Kliunout, built by Hnkeem Mehdto in the year 
1819. In this, the timbers have been proved 4|uitc sound, when during the last year, 
the shape of the centre arch was lessened. 

3rf/.'~Those belonging to the old Lodhipoor bridge, when broken up in the year 
1810. Besides these, there arc iu the dbtrict many others. 

3. «*Facii proving, pcrhajis, that protection is afforded to these timbers, from the 
ravages of the wbitc-anU, by the vibration ennsed hy tbc passage of wheeled convey¬ 
ances, &c. Of the effects of the dry-rot, but little fear need be entertained; provided 
a careful selection of the timber is made, and all those, in which tbc slightest appear¬ 
ance of a white vriu is visible be discanlcd. 


* In tbc proporUon of rorin I fW, anvoic S chiitacks, and oil I soer. 
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CONSTRUCTION OP PUBLIC ROADS. 


CiRCVLAK Oju)Er hy MtT.TTARY Roard, FoH JTiUiam^ id the Sitprr intend me 

Enoinrer, North Weitern Pro^incee, No, 2115^ UoM Clh Septemlfer i80^, 

SiH, 

It being coneldcred detirablc, wilh tlic view of securing niufomiUy in the con- 
fetruction of roads, that tome standard rules tliould be oWrvetl, I am directed by 
the Military ])oard, to ts^smit the enclosed Circular letter on the subject, accom- 
pomed by a sheet of sections. 

Rur.iis TOR CoNSTRrmoN or Roads. 

It liaring been obscrTCd, that various opinions exist on the formation of roads, 
which might lead to murb diversity in the mode of tlicir constnioth.the Military 
Doard, with the sanction of Government, have instructed me to cor.vcy to you the 
following observations and orders, to which, In all )»racticalile^cases, you arc directed 
to conform. 


If ffcneraJly lovaL 


OeNEBAI. OnSERVATIONS. 

The nature of the country, through which a road is to 'tt rarried, will rcqillrc 
... ... A . primary attciitiun. If liilly, tlie iicclivilivs sliould be met 

with due attention to easy ascent, but witliont too great a 

sacrifico in distance. 

If the country be generally IctcI, but not subject to inundation, the shortest 

line Is of course to be preferred; unless by a <htour some 
important advantage may be gained, as avoiding swampy or 
broken ground, or bad soil, and unless, by diverging but a little from tlie straight line, 
soil of a better quality may be found. 

If the country be low, so that in the rainy season U is under water, in snch a 
If low and partly under much consideration is rcquirctl, lest the road should be 

watw in rairui. either too much or too little raised. It is essential that 

accurate levels should be taken, and the greatest height of inundatimi ascertained. 
This can only be done by penonal inspection in the mins, and that is al^o tlie period 
when the general plan for the drmnage of the country (should it be necesBory to c^ry 
that tiirough the line of roads) can best be formed. 

In carrying a line of road through a valtey, it will not generally be found neces¬ 
sary to raise it to a perfect level. It will be sufficient that 
Road VhreugU a voJloy. embankment shall at all points oveMop the extreme 

height of flood, although it may dip occasionally a littlCi and undulate with the 
general contour of the country. 
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The netunl soiU belt idnpted for roidi w those of hnnkar and of gravel, and 

those which are formed of a miztnre of ela^ with sand. The 
8 (^ adapted for form excellent roads with little labor, and 

where thej are found, it maj ha lometimes adTantageous to saeriiice a little distance 
for the purpose of profiting hj them. 

Form paaacpiBBii tor Boads. 

Having fixed on the line of roads, the next point for consideration ii its form. 

That ia a matter of importance, for on that depends in a 
Potto, or section, of roads, degree, iU duration in a perfect state. If it bo 

much raised in the centre, the rain running rapidly off it inll quickly wash away its 
substance, and nm it into furrows. If, again, it be fiat, tlio water will not run oiT, 
but will so soften, the surface that wheel carriages will readily sink in it. These 
extremes mnti therefore be cvcfully avoided, and with that view, the accompanying 
lections have been approved of, and are commuuicAted for your information and 
guidance, always keeping in mind that a road should be as mooM, as Aar//, as /eve/, 
and Q8 tity as possible: that is, tliat the rain shall not lodge upon it, but yet that it 
shall be nearly level. 

The breadth of a rood must in some measure depend on I he expected traffic on 
/!«• TkiM .^^1 wkt < at western road, lipwever, from Calcutta to 

tbo br^iU ^ TOO* Dehlie, 30 feet have lieen deemed sufficient, and wlM?ro 
MUna to be 11 f«u metalled, 11 feet in the centre, of metalling, are prescribed, 

Froi/RE No. I Tills is the section for a road carried over a high and dry kun« 

kur or gravelly soil. This road should not be raise<l above 
I foot in the centre, and H inches at the shies, giving a centre 
swell of A to 6 iiirhcj. No shaqi angle should be left, cither 
at the verge of llie cmliankmcnt, or where the berm is mode 
to 8loj>e off gently into the excavation for droinsge; every 
angle sliould be rounded off, and covered with sodding, where 
sodding is used, lii this sectioD tlie natural sod will grow 
in the hollow for the drainage, snd the cultivation tnay he extended up to the line of 
trees, thus requiring for the road, a breadth of only *18 feet. 

If this rood be metalled, 3 indies of rise in the centre will suffice, instead of <1. 

Rot in TOclallftl roAiLc $ '^he depth of metal is 6 inches, and the stratum of metui is 

wi^i»uft!co**^u! ofnSiS cijually thick at all parts, since where roods are 

a indicM. ' nearly flat they will be used at all points. 

Figvke No. 2.—Tliis section U in all respects similar to the former, except that 

Secl cm Ko. S. ** raised 18 Inches in the centre, snd 14 inches at the sides. 

For dry md liiph groand The slope of the embankments at the sides should be double 
but M/lw isUU. itg height. 

Section No. 2 will answer where the ground Is high and dry, but the soil softer, 
as mixture of clay and sand. This is good soil for roads, and needs no metalling 2 for 
although it is a little heavy in dry weather, in the rains it becomes hard and Arm, 
and is not easily washed away. On other points you are referred to the remarks on 
Section No. 1. 

Fifty feet are required for this road. 

Fccufts No. S.^This section is applicable to a road passing through ground 
Rodion s. ^ subject to inundation. The centre is raised 

For ground ntkor low. feet; the sides will be 2 feet 2 inches in bright. The 

drainage excavation should be formed here in in the foregoing sections; but in propor- 


ficrimn No. 1, 

For hiRb, hard und dry 
ffroimd. 

Tbft rmvl to he* rniwnl 4 
iuclifv liijdK'r in Lliu iniddlo 
I ban at iUr nblcK in a 
hmdlli ofHf\ fevt. 

Ill tlio proiilc no ulmrp 
&ii}dct slioulil bo left 
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in 


Sfvtjw 5. 

For svouivl §till lower, 

nioy bv v^ivCDdod W »oy 
lovoL 

tVltere rr*0< 8r<*mm4) mis- 
ocl, tlicir ptQ]K% kIiouUI Im 
pIdnW wiUj Htn>ug shim. 


tioQ ss the eubsnlcment la raised, so most that excsvmtion be extended io breadth 
iuiaud, 10 as to funoish esrth nfficieoi ibr the rouU without having recourse to pits 
or ditches ibr that purpose, uoless the ioeslity shatt render tliat preftrablei for besides 
injury to the roads and danger to passengers from deep excavations and pits, the 
ground oci.upied by them must be lost to the cultivator; whereas tlie sloping drain, 
however much it may extend in breadth, fdmits of enUivatiou throngli it, to the 
verge of the embankment, and the road is thus formed at the least possible sacrifice 
of ground, 

Fi{ly«four feet in breadth will be required for this road. 

Figvrk <1.—This section is calculated ibr a road passing through ground still 
^ lower than the foregoing. It is ralscil -IJ foot in the centre ; 

Fur Rroimd bUU lowof. the raised embankment to slope 2^ CcU hor!»>ntally for 

every foot of height, so that if the wheel of a passing carriage should go over the 
side of the road, the corriago would not be orcrtunicd. In other rcsjtects the same 
directions, as in No. 3, arc applicable. • 

The space required for this road iu breadth, will be GO feet, exclusive of excava* 
lion ground. « 

Figvrk G.^Thls section is apjilleablc to a road {massing tlirough ground still 

lower than No. \ section; but moy l)c extended to ru>y 
level. The road is raised GJ feet; in other respects the 
same ruls apply to this section as to No. *1. Tim breadth 
required hero will 1>c G1 feet. In all cases where road cm* 
bankments are much raised, the slopes of thru sides should, 
wlien pnirtical>lr, be planted with the iH/’jmt or other strong 
grass. The roots bind the soil, and the bush above, whilst it covers *^ie earth, breaks 
and impedes the How of water down the slope; and thus It affbrris /roCection to the 
road in various ways. 

PiGuiis G.—This section roprc^eiiti a load winding roti d, or asrending in a 

^ straigla line, the verge of a hill, «*.* dc'scnidliig obliquely 

When tlie raid lucouib ibo ft^tn a higher to a lower level; the sixe of the side drain 

verKO of oUilL number of liie under draina, will of course be regiu 

lalcd by the extent of hill above the road to be drained. The masonry moy be of 

dry stone, if suitable materials can be found. The outside rcluiiiiitg wall must of 

course have opeuiugs for the drainage, and the openings should be numerous in order 

to dimuiish, as much as possible, the rush of water at any one point. 

Figukx 7.—‘This section represents a cut through a hill, made so as to reduce 

SociioD 7 . accliuty; or U represents a descent into the bed of a 

Where bkJi B^und la to nullah. Tliis section can only apply to a short line, and 
cut throuali, ors do* . . ^ , > • t 

;xvat i nq«V into a nulkdi. requires no explanation, except id oases where metal is used, 

that where there is a declivity, the metaling should extend the full breadth of tho 

road. 

^rrAU-iNG Roads. * 

Except in particular places where the soil is bad, it is not deemed necessary to 
Mctallmg recourse to metalling; iiuless indeed tho metal shall be 

VonouAkinds of aula!. found so near tlie Hue, os to justify the additional expense, 
let. bWuc. materials for metalling rc^s in this country are 

S(mc of various kinds when broken down to a proper slsc-^the pieces should be 
from one Inch to au iueh and a half in diameter. 
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Cra9el»—^S tliia there are two lands—und river graTeh' Tlie former is pre- 

Q ^ ferable on account of its roughness, which rcuders it more 

' adheaiTe than the smoother kind found near rivers, of 

which latter Indeed, unless it be broken, no good road can be made. The large gravel 

U better than small, became alter being broken from its angular shape, it is easily 

compressed into a solid mass, and is the most durable of all materials. 

This is also a good description of metal for roads; it is durable and 

naturally possesses an adhesive property ; so that when pro* 
3rd, Eunkur. i i i j j i* i * j •* * 

pcrlj laid down and consolidated, it seems, as it were, to 

grow leather. 

AooA, or bricks, broken down (o the requisite sise. This is a good substitute 

for a more perfect material. 'When the bricks arc mode 

' * from nearly pure clay, or with only a small admixture of 

sand, they make good metal. If sand predominates, the brick, however well burnt, 

is friable and cosily pulverised, and is consequently Inferior as road metal. Tlie 

contents of the entire kiln should be brought into use—the j^a or over-burnt, as 

well as ihc pretfiA or unJcr*bi*nit bricks. 

Clean sand, when pul upon, and mixed with, a soil of itlfT clay, forms a 

species of metalling the quality of which has been favorably 

rejiorted upon to the Board. 

No mm road should bu metalled until it has been exposed to at least one rainy 

. acoson, and if it be much raised, two seasons will be itill 

NowcmlHinkaienlxmitffbe . ... ^ , 

ii]Um*o4 to sotUo, betoro better. ^Before the metal is laid down, the portion of tho 

metulbiig. (0 receive the tueUI, should bo well smoothed; 

a line of brick on edge should then be laid on each side to prevent the metal when 
compressed fromsprciuiiug outwards; hut It is not considered necessary that a founda¬ 
tion of lirieks laid dat shuiihl he used under the metal; on (he contrary, the road 
wunUl be better were the bricks broken-into AmA. and nsed iu that state, rather than 
uliole. 

It is very essential that the metal be well rolled or beaten down, so os to become 

Tbn mclnl Khoold be well ® smoother a roful can be made 

ouuti^uiatcd. tho better and more durable it will be. 


SM), Saod 


Drains. 


\V1icn a road crosses the gonetal slope of a large tract of country, to provide 
Dmiiw. end prticwl drain- judiciously for ilrainoge through the lino of road, requires 
HBL» of tlicecHinJrj*. the most attentive considemiioD. Specific rules cannot he 

framed for such work; but os a general principle, it is held preferable rather to hare 
many small drains than fower large ones—to spread the water over a considerable 
space, rather than to force it into a few large channels. 

Trees. 

When trees are planted along a road, they should not be placed nearer to the 
risnti oftf» artificial embankment than 9 feet; for when their branches 

over-hang the road, the rain which collects on the leaves, 
falls down in large and heavy drops, and materially injures the road; they should not 
be less than GO feet from each other on the same side, and planted opposite to each 
other. 
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Officers in chuge of roads should esncatly encourage the desire which the people 
Notivs proprietors and of India hsTe, for planting trees on the sides of the highways* 
wfto’iSiii lid by GoTernineiit an important object, and it U 

trai <n the highw^s. conceired that hy judicious encourtgetnent» the people of 
wealth, os well os those in more moderate circumstances, would ccKiperate efi^irely 
ui its attainment. If complete and continuous rows cannot be formed, the trees must 
be planted at more extended distances. In so~doing, it is thought desirable rather, 
that a considerable roeant space should be left in the line, and then a few, say eight 
or ten, trees planted at the regulated distauce, than that the some number of trees 
should be spread at equal distances over the some space. Since by the former arrange- 
ment, a large party of travellers would find shelter near together, which single trees 
at great distances would not afford. 

Finallyt the Military Board ore persuaded, tint the great importance of the object 

, which Government has in view, will be sufficiently apparent 
eo.upention of all oJQccn ^ ensure the sealotia and economical co-operation 

^ promoting of yourself individually, and of the whole Department of 
Public Works, without which the great national benefit of 
facilitating eommunicatioa through this extended colintry cannot be adequately 
realised. • 

Whenever clreumitazftef may occur, which in you^ judgment shall render it 
expedient to deviate from the iostruciioDS now conveyedi you will be pleased to com¬ 
municate witli the Board* 
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CONSTRUCTION OP METALLED-R0AD8 AND BRIDGES, 

By Locax* CoMMiTnesB. 


EA'traci cj a Leiitf JVom Likut.-Col. A. II. R. Boilkau, Superinienditig Snffinter, 
Cmirai ProctHCfs, No, J002, daM JUoAobad, ioi Morth i849t to the addre§4 
of J. MriRj Esiq., C. S., S^rttar^ Local CowrtaitlHt AsimgurX^ 

ParOi/fftph 9.—Mr. Martm I think, ri^t in »Utiog thftt tb« kunkur 
IftiJ upon yoxtr rends has been impcrfectlj consolidntod, nnd should hsts been well 
rammed when first Imd down; for though considerable traffic of iron*bound cart 
wheels nngUt improve the metalling in this respect. If the tires vnre not too narrow, 
yet the cuutiniial transit of irrcgularly^kaped wooden wheels (which are so soft that 
the points of the fragments of kunkur penetrate and disfigure them), causes mutual 
injury to the road and to the cart wheels; and destroys the metalling in a ahorter 
time than would otherwise have iiappened. 

3.—1 also agree with Mr. Martin in reprobating the pernicious practice of cutting 
deep ditches at the foot of the sloping sides of embanked roads, which, though saving 
n trifling part of the firia cost of making a road, adds enormously to the subsequent 
expense of mamtaiuing It.* After alloiring a fiur slope fo. the side of the road (not 
less tliAu 1J or 2 feet of^basc to each foot of perpendicular height,).a berm, or slip of 
level ground, should be led a few feet in width, according to the height of the em> 
banked road, before any cutting is made for excavating soil to make that embankment. 

1.—The following extract from a stalemeut of Lieutenant D. Briggs' rales of 
executing various kbids of work on the Great Dcccan Itoad may be of use to your 
Committee> 


EXTUACT, 

Cosf <f JHnpal a$ axtcutfd in iS47, 

Quantity of work done, ** '** ** 4,22,98,000 superficial feet. 

Cost in Co.’s Its. .3,Gd6 lU SI 

Average per 1,001) superficial feet, •• •- •• 0 14} 

Average per man, -- — — -- -• -- -- 1,739 superficial feel; 

and Uic distance being I jO running miles cleared to a width of 53 feet, the rate per 
Tiimiing mile is lls. 21-9-3. 

of liainff and efearinp Jtoad. 

Quantity of work done, •• •• •• •• 1,03,39,020 superficial feet. 

Cost ill Co.’s .14,110 13 8 

Average per 1,000 superficial feet, -<• •• 15 5 

Average per roan nearly -- -- -- — -• -- -• 135 superficial feet; 

and the distance being 133*076 runniog miles 15 feet mde, the cost per mile cleared, 
wjis Its. 106-0-7: or, if divided among the whole, 150 miles; the average would be 
lb. 94-1-2, 

(i,^Co$t of tsttnaling GAaU, both for lliUa and for Nni/abs, 

Total,.... -- 24,48,551 cubic feet. 

Cost in Co.*sIte. - .. 7,192 8 3 

Average per 100 eubic fi)et, — •• 0 4 8 } 

Average per man about •• •• *• -• ** •* 32 cubic feet, 

and lie. 47-15-2} per mile for 150 numing mllest 
3 












tSltCnONft VBOU TBB UCCOBM OF GOTUKHSKT. 


ns 

The fthove ntet epplj to tl^e difficalt cooutry lying between Sconce and Kam|>* 
tee near Nagpoor, where even the pUin earth-work re<|uired for llic raUu>g ofroade 
costs about annas per 100 cubic fvet, which is three or four tiroes the rate of 
sinilsr earth-work near Allahabad. 

7*^1 hare abo the pleasure of sabjoiiiing for the njc of your Committee various 
rates prevalent in the Allalisbad Division, supplied by tbpuiu J. I^ngUton, vis. 

i^fc^s Afosoaory with 12-meh bricks of the commonest BuAaivoa iituc, nxiplos* 


tered-^ 

Foundation, •• .@61 3 per 100 cubic feet, and 

Superstructure, .@ 6 & 6 per 100. 


PlaU PucJka Masonry roughly pointed 

(g Co.'s lU. 6 13 0 per 100 cubip feet. 

Superior Matonry with 12-incii bricks, oitd lime mortar of fine (jiiaUfy, unplas* 
tered— 

Foundation, -- -•-•-@90 10 j»er 100 cubic feet, and 
8tipenf(ructure< •• •• — @ 10. 0 10 per 100. 

^upenor Pucka Masoivy with O-ineb bricks unplulerct^^ 

Foundation, •• •• •« -• (g 12 10 0 per 100 cubic feet, and 

Superstructure, -- -• 1 ^ pee 100. 

Arck^work with l2-iiid> bricks and 6nc 

lime mortar @11 1 7 per 100 cubic 
2n/erior Lime Pfaitcr, •• ••--@127 

Superior Lime Pfatter,-"^ v. ^ ^ P*' 1^0 lupcrhviid feel. 

6 .—Earlheru WotUngy @ U-6-0 per 100 cubic feci, or at b b.itias per JOO, if 

water is close at hand. 

Ejtcacoial Eartk^rk^ for sinking a well f> fiTt iu diameler, niul 39 feet deep at 
0-4-bj per 100 cubic feet. 

Earik~u30Tk /or Jlooiht sis )nclies high @ U-l-0 per .100 tu,>erlicia] feel, brought 
from a distance of 20 feet. 

Eortk-work for Embankmente^ brought from a distance of 223 fc*cf, rammed and 
dressed, but without turfing, lioight of embauLenejit above 30 feef, exterior sloj^o 


94 feet, surface width 26 feet; 

Hate jicr 1,000 cubic fret Ib. or Ib. 0-3-7*3 per 100 cubic feet. 

9.—1 have fuKher the pleaaurc of nihjaimiig for the use of your Ooiimtiftce a 


table of tho 
Driggi. 

probable 

cost of bridges of various spans drawn uji by Lieutenant D. 

Roedttjoy feel teide tkrouykout. 

Arcubs. 

SvAt*. 

Feet. 

IIbiout. 

Feet. 

Masonry. 

Cubic feet. 

Ib(onAn].fi 

COUT. 

He. A. P. 

1 • • -- 

2 -• 

.. 2 -- 

3ie -- • 

* 36 2 .6 


.. 4 -- 

— .. 2 -- 

.. GIH - - 

72 3 7 

1 — 

.. 4 

.• .. 4 - 

.. .. OGl -- - 

•* 77 1 3 

1 .. 

.. 6 •• 

.. .. 3 - 

.. .. 556 .. . 

- 63 0 ft 


- e - 

.. .. 4 •• 

.. .. 430 •• - 

•• 76 6 .^1 

1 .. 

- 8 - 

.. .. 2* .. 

.• .. 775 -. . 

90 0 5 

1 .. .• 

• a 6 •• 

• • *4 b ** 

- 1562 * 

» 176 10 10 
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Abches. 

Spak. 

nuORT. 

Masokry. 

PftOBABLB 

Cost. 


Feet 

Feet 

Cubic feet. 

lU. 

A, P. 

1 •• 

- 10 -• 

.• 5 •• 

- •• 1184 • 

•• 142 

7 1 

1 • « w 

- 10 - 

.. .. G .. 

- 2288 • 

261 

14 3 

1 ^ M * % 

.. 12 - 

•“ •• 

•• 1830 •• • 

- 204 

1 6 

X 9 ^ 9 # 

.. 12 - 

8 - 

.. 2750 — • 

314 

15 1 

) 99 99 

.. 15 .. 

.. .. 8 .. 

.. 2807 •• • 

.. 309 

7 10 

h 9 9 9 W 

-- 10 -- 

.. ..10 .. 

-• 4785 •• 

546 

2 5 

1 99 W 9 

18 - 

.. .. 9 - 

•• 3659 •• • 

401 

7 9 

1 • # 9 # 

16 - 

.. .. 9 - 

• •• 4802 •• • 

.. 540 

14 0 

1 • • 99 

- 24 -- 

.• .. 12 .. 

• ». 5942 •• 

w 690 

10 8 

1 9 W ^ * 

.. 24 •• 

.. .. 12 - 

• •• 8181 • 

- 922 

11 6 

\ • • W 9 

.. 30 - 

.. .. 16 .. 

♦ »• 8827 • 

1175 

8 5 

J 99 99 

.. 35 •. 

.. .. 22 — 

- — 15176 — - 

•• 2007 

3 7 


10. —The abore abstract waa made tJUr Lieutenant firiggi bad b^im to work 
upon inj rtry economical principle of an Elliptical Tunnel* lying almoit without any 
foundation upon very bad foil, but with its door sunk a foot or more below the bed 
of the watercoiine, to guard againit undermining by the current; wbicli wae further 
provided for by drop^urtaini of masonry, sucli aa would be called front and rear deep 
foundation! in bridges of the ordinary coostrucUon. 

11. —The following b an abstract of Lieutenant Briggs' estimate for bridges of 
the common kind. 

4 


AUCHES. 

Span. 

lleiGiiT. 

Masonrv, 

PROBAIUX 

Cost. 


Feet 

Feet. 

Cubic feet. 

Rs. 

if. P. 

1 .. 

4 .. . 

. .. 3 .. 

.. 960 - - 

105 

0 0 

1 - .. 

.. 0 - • 

• .. 5 - - 

- 1792 -• •• 

.. 196 

0 0 

1 .. .. 

.. 6 -• • 

. .. 7 .. .• 

2738 -- •• 

296 

0 0 

1 .. .. 

.. 8 - - 

- .. 6 - - 

.. 3261 -- - 

.. 352 

0 0 

1 .. .. 

• • 8 •• 

- 7 .. 

-- 5265 •• -- 

.. 563 

0 0 

1 .. 

.. 10 .. . 

- .. 7 .. .. 

-- 6037 •• - 

C40 

0 0 

1 .. .. 

- 12 - • 

. .. 8 -• - 

8708 - 

- 932 

0 0 

1 .. .. 

.. 15 - . 

. .. 9 .. .. 

•• 10187 - •• 

- 1158 

0 0 

1 .. 

.. 20 •• - 

. .. 10 - •. 

13G08 — 

- 1472 

0 0 

1 .. 

.. 20 - - 

. - M .. 

-- 18272 - 

-- 1973 

0 0 

1 .. .. 

.. 25 - • 

.. 15 .. 

-- 18357 - - 

- 1987 

0 0 

1 .. •. 

.. 30 -- • 

. .. 23 - .. 

- 30113 — - 

.• 3255 

0 0 

1 .. .• 

.. 31 - • 

• .. 20 - .. 

— 31031 - — 

- 335.6 

0 0 


The tunnels iu each of the above being 21 feet long, the parapets 2’feet thick, and 
roadway 20 feet wide. 

12.—1 now purpose making a few general observations which may be of use to 
your Committee, as connected with road-making and bridge-building. 71ie question 
of a levelling Instrument has already been mooted in the correspondence with Major 
A. Knyrctt, and though I think that Government would probsbly sell one to the 
AnmgurU Committee out of the Arsenal at Fort William, or from tho Allahabad 
MDga 2 ine»(if there b one,) yet the price would probably be about Bs. 2&0» and a 
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Bimple injtniment mig^ be msde u s lobiHtute st s tenth of that coii. A tube of 
briu, Uftd or tin* ebout % jard long ia to be bent op about 3 inches at each end» and 
a coople of Ean^de-Cclogne flasks or toedldne phials* 
with tlieir bottoms cut off, are to be cemented one into 
each end of the pipe (as in the ma]g;ina3 figure,) so that 
when the jnpe it fliled with anj colored Au^ about as 
high as the middle of the glass phial, and the whole 
apparatus is struck on a tripod-stand, it forms a cheap 
and tolerably eflicient lerelluig instrument, 

13.-^Where embankment work was to be carried to a height of sereral feet above 
the plain, 1 have found U convenient to drive long stakes (or ifuUten) Armly into the 
ground in two rows, 30 feet asander, (or whatever was to bo the top-width of the 
intended road,) the stakes being about 50 feet uunder, and tUeir heads exactly at the 
rei^nired level above the ground, so that the/ not onl^ marked the alignment of the 
road, but showed the precise height to which the earth-work was to be raided. 1 
alio had lines cut in the ground to make the foot of the intended slope at each 
side, and another p^ of lines to mark the width of tl^e herm; not allowing any earth 
to be excavated from witliin those lines: in which manner the work cost fourteen 
annas per 1,000 cubic feet, the embankment ranging fruiu 1 to 5 or 6 feet in height, 
H.—Itegarding the necessity for baling out tbs foundation of considerable 
bridges over the large streams, it may be is well to menUon that in constructing the 
iron suspension bridge of four or Avo openings over the Kalee Nuddee at Khoda Ounj, 
between Puttehgurli and Cawnporo, my brother, Lieut.-Coloncl J. T Boileau (now 
Superintending Engineer, North Western Provinces) diverted the co/rent to a consi¬ 
derable distance by an artiflcial cut, and by embaakoieiits : thus rtising his piers with 
little difAculty. An opposite plan was pursued at Indree 'on Uk M'esCern duenna 
I'mial above Kurnaul, where a luspensiou bridge of 100 feet hpan was built on dry 
ground upou the isthmus, as it were, formed by a curved re rcli of the Cana] i and 
when the bridge was finished, 4 cut was made under it; bringing the sfream between 
its abutments; and the old clianncl was of course abandoned. Kither of tliese plans 
may occasionally be found very advantageous to your Committee. And to make the 
Allahabad rates given in my / th paragraph more complete, 1 may add that the price of 
well-burnt 12-mch bricks is Ba 74 per 1,000; of fine stone lime 8 annas per mauiid; 
of best kunkur lime Its. 22 per 1<M) maunds, of common kunkur lime lb. 11 per 100, 
and ofsoorkhec 1 anna per maund. 
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MEMORANDUM OF EXPERIMENTS ON, AND ANALYSIS OF, SPECIMENS 
OF KUNKUR, FROM AROUT THE 3!>3kd MILESTONE ON THE 
GRAND TRUNK ROAD, NEAR NAURUTPORE. By Libut. C. H. 
DiciLEKfl, AriUlery^ 


Secroie, Benaru, iOlh September i$i9m 
Two csperimenU were made on the bjdrtttlie propertiei of the konkur, 
j4., with the ^ner partj ftRcrwinlj mode into the equmn piece of cemcDt, 

B.t with the coerwr peri eRerwerde mftde into the trieoguUr pyramid. 

Doth theee were heated, nearly to wbiteDeas, in cruciblea for an hour, and then 
weighed ; heated again for half an hour and again weighed; and aRer a third heat* 
ing, haring found no further loss of weight, the carbonic acid and water were con* 
eluded to have been completely expelled, 

A, loat 31*5 per cent. B. lost per cent. 

In slnlcing, both swelled much, tracked, and gave out a good deal of heat. They 
were each made up (witiiout any additioo or grinding) into a stiSieh mortar, formed 
into the shape above indicated4 aiid immediately placed under water. 

Extimiaed. as follows 


After 

A, 

B. 

6 hours, •• 

Not examiiicil, *• •• •* 

Hud set. 

12 ditto, •• •• •• 

Had set. 

% 

24 ditto, -• •• •• 

Not examined, •• «- 

llurdcnecJ, but could be marked 

2 d.j»,. 

Could just be marked by the 

by a strong pressure with tbo 
finger nail. 

« 

nail, -• -• •• • • 

Could not be marked by the nail. 

3 ditto, •• 

Not eicunined, •• •• 

Orated under knife, but was not 

5 ditto, •• r* 

Surface very bard, and cmild 

* cut, to uvotd spoiling sped* 
men. 

7 ditto, -• -- -- 

be chipped off, aRer which 
interior cut like clialk. 

Removed, to be sent to Majot 

10 ditto,.. 

Removed, to be sent to Major 

Willis. 


Willis. 



The*specirocn8 were coneidered to be set, when they did not give way to ike blunt 
point of an iron pin, diameter G0'15 inches. 

The experiments were not made simultaneously, though exhibited above, as if 
they were so, for (he sake of comparison. 

Tlie following is tlie result of chemical analysis:— 


Carbonate of lime, •• ** 40*05 

IHtto of magnesia, •• •• 1*24 

Silica, . 1*8R* 

Alumina,** ** •• •• 1*75 The sand conirined some alumina. 

Iron, -• -• 4*75 probably in igneous combination with 

I — 49*59 V the silica. 

Sand, •. 34*00 ^ The loss,—probably in part from 

Water, ** •• •• •• 13*36 soluble salts, for which no examinatioB 

Loss,-* •• •• 3*05 wM made. 


50*41 
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The hni five iDgredienU are the active coiutituenU of the mortar. Arranged 
per-centage of their earn, they itand thne 


Carbonate of lime. 
Ditto raagncaii»«« 
Silica, •• 


- 8]-l 

• • 2-3 

- 3-6 1 


Aluznina, •• -• 3*5 

Peroxide of iroD» <r*S 

Toom) 


which approaclies very nearly to some of the^nglUh and French '*eai»OQtly hydrau¬ 
lic timet.’* 

0 C. n. Djckrns, LifUtfnant, ArHUery^ 


P, 8,^Ki the suggeetion of Lieutenant Grindall, I add the method used in the 
analyaia. 

1. ^One hundred grtini of the knnkar, in email fragment^ were placed in a 
glau ftuk. and an ounce of etrong muriatic acid, diluted with an equal bulk of water* 
added \ the fiask being inclined to prevent lota by the efTcrvesccncc. Wiien the 
efiervescenee bad ccaaed, heat was applied, and the liquor boiled for 2 hours. There 
remained a greyish wdiitc residue, consisting of sand and silica in minute divisions. 

2. —These were separated by pounng into a vessel, d inches high, and giving the 
sand 3 minutes to settle; after which the finer particles, which remained in siupen* 
sion, were decanted oft. ^ This process was repeated leveral times, till all the finer 
particles were separated. Tbe remaiuing sand, by tlus time thoroughly washed, was 
dried, ignited and weighed. It amounted to 31 grains. 

3. —-The turbid liquid, containing the susjtcndvd silica, vras poured on a filter, on 
winch the silica rcraaiiied. M'ashcd, dried, and ignited wlfh the fill r, it weighed 
(allowing for the rest of the filter) 1-8 grains. 

I.^Ths clean liquor, which had passed through the filter (inchiJing the wash¬ 
ings,) was treated with caustic ammonia in excess, to throw down the jieroxido of iron 
and alumina. The precipitate, separated by the filters and nnshi'd, was rc-Jissolved 
in muriatic acid, and again precipitated by carbonate of ammo ua, so as to retain by 
the excesa of carbonic acid any tiniMhat might not have been sr|»aiaiccl by the first 
process. The precipitate was now washed, dried, and ignited. U gave the peroxidd 
of iron and the alumina togeilier 6*5 grains. 

5.—Hie clean liquors from the two filterings (Ini) were mixed, and threw down 
the lime as carbonate. Excess of carlionate of ammotua was added, and when the 
lime had all separated, the liquor was filtered from the precipitate; which, washed, 
dried, and gently ignited, gave 40*0.'> grains of carbonate of lime. 

fi..^To the filtered liquor, from the above, was added phosphate of soda, which 
gave a slight precipitate of ammonia-phosphate of magnesia. The liquor, alter stand¬ 
ing 21 hours, was filtered; and the precipitate (washed by dilute solution of carbonate 

1*5 grains, equivaleut to 1*21 carbonate of 

magnesia. 

7. —The predpitate of paragraph 4, was re-dissolved in muriatic acid, and the 
iron preripitated by solution of causric soda, which retained the alumina^ in solution. 
The precipitate carefully^wuhed, dried and ignited; gave 4*75 peroxide of iron. The 
alumina was given by difference. 

8. -^The water wu ascertained, by deducting the weight of carbonic acid, due to 
tbe lime and magnesia, from the total loss by beat. 

9. —-The loss on this aoslyiis, arose chiefiy from the alkaline salts not having 
been eitisiated. 


of ammonia,) dried and ignited, weighed 
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GRAND TRUNK ROAD. 


Sblectionb veom Major F. Abbott^a Report op tub Grahr Trunk Road 

pnou GoORAAliAI GuNOB TO DbLUIB. 

[Tho following remarkt m extracted from raports by Major F. Abbott, Super- 
intending Engineer, North Western Proeinees, on the state of the Grand Trunk Road, 
between Goortahai Gunge (where the road branehes off from the tine between Cawn- 
pore and Furruckabad,) and Dehtio. They will be found useful, as being generally 
applicable Co roads mettled with kunkiifi a^ passing through a lerel eountry?] 




t 

No. II.—‘o/o W<er/ro« Major F. Abbott, Superintending Enffine^t North 

WeHem ProeiNcei, to the Sbcrbtary 0 / the MUitaty Board, So, di2^, d<Ued 

2nd April 1344. 

Genbral Remares. 

20.~One of the main defects in this road, is a gross contempt of straight tines 

visible throughout. Tho road winds in every direction— 
lining out effect, doubtless, of bribery in the Native establishmont; 

each xemeendar being naturally anxious to save Lia own lands. A complete reforma¬ 
tion of this defect would cost a great deal of money, but in tome placet tho dodec- 
tiona are so great that it becomes a question whether, when tho present mctsl is worn 
out, it would not bo bettor to correct the line in part, especially whore the ditches 
and embAnkroents of the old road require much alteraUon. 

;:0.—The next remarkable error, is visible in the section of the Grand Trunk 

Poul. The surface breadth, 30 feet, is much too narrow 
for any great line of commerce, and to add to the incoa- 
ventenoe and danger of so narrow a road, the causeway is raised to a height generally 
too great, and in many places without a shadog of necessity. The side slopes are 
Steep, and tho ditches, in many places, very formidable. The general height of the 
causeway it would now be difficult to lessen, without interfering with the speed of 
the Mml carts; but it is worth considering, whether it would not be better, on seme 
occasions, to reduce the height of extravagant causeways, before giving an rnUre 
renewal of metal. The Executive Engineer is now engaged in taking sections, with a 
view to submit estimates for re-modelling the form of the road, by filling up the 
itches, Jen gthening the slopes, Ac. 

31. —Many suggestions have been made for increasing the surface iridth of the 

metalled centre. I do not think that for many yean to 
come it would be necessary to increase the breadth of the 

metalling. If the metal were 20 feet wide, the country hackeries would confine them¬ 
selves to one track—and regarding obstructions, these can be avoided by tarning for 
the moment on to the kuteba sides. The advantages to be derived from increased 
width of metal would not bo commensurate with the expense. 

32. —The insufficiency of general breadth (30 feet) is rendered more apparent by 

the present objectionable form of the road. The cost of 
increasing' the width of the sideways would be considerable, 

and is not perhaps absolutely necessary u an immediate messure. As traffic increases, 
howmr, on thi| tine, it will be expedient to add to the width of the road| making 


Breadth. 


* loereaio of bnwlth. 
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the eidewejs not leu thtn 12 feet. This nuy be undertaken grtduAlIj: snd 1 recom« 
mend that in the next annual repairs, provision be made for altering the form of 20 
miles of road to the section given in sheet A. Fig. 4. The sides should be carefully 
turfed, and if tbo advantages of this section become very evident, the improvement 
may be extended slowly or rapidly, according to circmnsUncei, 

33. -«-la the mean time, 1 deem it abealutety necessary to elope off the banks, 

and to fill up such of the ditches as are dangerous. Many of the ditches may be left 
to the action of natural causes, and if the strict prohibition I have ^veii to refrain 
from digging any, even the smallest quantity of earth for repairs from these ditches 
be attended to, they will soon be filled by drift sand, and the annual debris of 
the causeway. In sheet A., i and 2, are exhibit^ the original section, and 
the effect of wear upon that secUon; in yVy. 3 is exhibited the*mode 1 propqsa 
as an Immediate refonnation. The Board will observe that there are no ditches; 
this is a rine yue nos. Earth must be dug from pits not nearer than 16 feet 
from the foot of the slope, by which means objections are avoided, ind better 
clay is obtained. The Executive Engineer is engaged in making an estimate for this 
alteration. , 

34. ^>Vhen, however, by the elevation of the causeway, the constmetion of long 
slopes would spread the l^ase of the road over an unreasonable extent of ground, I 
propose to make the slope 45 degrees, stid to obviate their danger by giving small 
parapet walla. The necessity for such elevations will occur only in passing swamps 
and ravines, or in approaching bridgcS'>--circoiiistanccs comparatively rar^; end 1 fix 
the height of eaoseway, to which parapets should be first given, at 4 fe< *. Tbo side 
slopes will be formed of moulded clay, like Pise work. 

36. -^As a temporary expetUent to secure the safety of travellers, J>r, Rankcn, 

Hud walls ordered bf Dr. Master General, North WestAn Trovincem directed 

Usokcii. mad walb to be given wherever the banks were dangerous. 

About 23 miles of mud wall on both aides, cr 11} miles ruoting, have been con* 
structed, the walls being 3 feet high. Thb will be an expensive measure Co continue. 
The cost averages at the rate of Its. 250 per mile, and the wall being perched 
upon the soft edge of a steep bank u liable to be washed away by every heavy shower. 

3fi.-^$om6 atteiP]>ts are made to encourage the growth of grass on the side slopes 

of the road, but vrith the stiff slopes generally prevalent, it 
Oraw, on tho pea ^ hopeless task, llie DMooh, when planted at the edges, 

tikes pretty readily in most places, but the sides are too much dbCurbed by showers, 
which gutter them: and the grass soon fails under the parching influence of the sun. 
When the slopes shall be flattened, we may perhaps get the grass to thrive; but in 
the mean time, I think, that it is unadvbablc to incur any great expense in attempting 
to turf them. There is a plant called Akwa/* which takes spontaneously to tho 
gentle slopes in many places: it protects the sides, and might be encouraged in other 
places. 

37. ^Benns have been recommended as auxiliaries to roads. By* ** berms" I 

mean spaces left between*the causeways and ditch; but I 
think thb b an extravagant mode of applying spare: it 
takes away a vast quantity of land from cultivation. Thus, a SO feet road, 2 feet 
raised, with slopes of 4 inches to 1 inch, covess a space of 46 feet; add 2 berins of 
.12 feet each, and it coven a space of 70 feet. Now abolish the brrm^, and make the 
kuteba sides each 12 ftet| which will afford good rosd on each side of the metsl. 
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jiud the road will fpmd orer a breadtk of S6 feet. It ii a aiitake to iuppoM 
that hackerieB will take tlie kotcha road whenerer the^ are able. None but tlie 
lightest carta going abort journey's do to. The bearer and long stage hackeries 
almost alwaje take the metal» because upon it tbej can make double marchee« 
Drivers, whose carts used to travel 5 kou a da/ upon kuteba roads, think 10 kofs a 
fut day’s work upon the metal. Mopt of the bullocks, which now travel the long 
atagei, are shod. The expense in doing so is trifling, and the cattle work well upon 
the kunkur. The long stage hackeries are now b^nzung to bind their wheels with 
iron tires.' 

dfl.^Tbe breadth of the metalling is 16 feet. Throughout the section of tbs 

metalling hu been rrised. In the first metalling of the 
road, Lieutenant Hill gave a rise of 7 inches in the centre, 
which gave it a most inconTcmently rounded back, and when iUt metal began to 
wear, it assumed the very uncouth and inconvenient figures shewn in sheet B. This 
error liu been since avoided; but the section may be kept still more fiat witl^advan* 
tage. I would not allow a greater rise iu the centre than 2 inches, and this should 
bo effected by actual increue of thickness, and not by moulding the clay bed beneath 
into a convex form, as is generally pracUsed. 

3t).—'According to the account of the native establishment, the earlier portions 
3Tela) tliliAzm and too- metal were laid with kunkur 9 inches deep at centre, 

th^oflsrifitf. ftud 6 inches ai aides. The whole tluckness was laid at 

once without any sorting of the pieces, and was rammed to hardness by the convicts. 
Since tbo rains of ISdO, Mr. Sub-Conductor Wood assures me, Lieutenant HiU’s 
order was to lay only 6 inches throughout the breadth, and ram it (according to 
3dr. Wood) to 3 indies, which is impossible. Mr. Wood further states, that Lieute¬ 
nant Hill allowed onl/ 1C beds of kunkur per mile, each containing, per calcula¬ 
tion, 2,4(10 cubic foot of kunkur, >. e, dS,400 cubic feat of kunkur; this, if distributed 
ovenly over the surface of a mile of read 16 feet broad, would give a depth of only 
{(tb inches of loose kunkur, which would beat doa*n certainly to 4 inches. This 
Is much too thin, and such a metal rc<(uires Hbsohitely a foundation, or when half 
worn, it is unable to support the weight of large carts, and siuka bodily into tlie clay 
beneath. Tliis effect 1 have witnessed in many ])laccs, and have ascertmned the 
point by opening out sections of the metal. 

Again, with regard to laying the metal 0 inches loose, I feel assured that such a 
moss cannot be sufficiently consolidated by any means now in operation. I held this 
opinion in opposirion to most of the Europeans employed in the provinces, and 1 
found it to be perfectly corroborated by an inspection of the new metalling of the 
hungeree Bridge causeway, which has been laid 9 inches thick (loose kunkur) and 
rammed by convicts under the eye of Sergeant Brine. No pains were spared, and in 
vpenihg that porrion, whicli the overseer considered the best and most indurated, we 
found the upper portion about inches very hard and good, but all bnlow that, loose 
and uDsarisfactory. 

^ 40.—The plan of laying all the knnknr without sorting, can only be admissible 

material happens to be supplied of a pretty even 
K ur, m 0 lading, lower parts, especially below Bhoegaon, 

ibis precaution having been disregarded, the metal is exceedingly rough in many places, 
presenting lari;e lumps upon the surface, which must be very dangerous to cattle* 
The isme fault is obsenabk on the roadji around Meerut, 
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41. —Without Qiing: the minate poMiTiAone Into four clafsea Of •!«» u adopted 

Konkur a Uycw. Trunk Road in the Central Prormces* i feel ftaanred 

that where 9 Inchce of kunkur (loose) is the Btendard, it 
would be better to liy it in two layers; the lower layer of 5 inches, consisting of the 
lorger pieces: the upper of 4 inches of the itnallcr. Tlie konkur should be clean, but 
all attempts to smooth the surface rubbing in powdered bujree, &c, should be 
avoided. 1 prefer seeing the grain of a well made kunkur road, and 1 always luapecb 
a very smooth surface. The labor of this polishing is all wasted, aj the powdered 
surface, after being pasted on, quickly wears off again in the shape of dual. 

42. —Whilst upon the subject, I would beg to observe that our Indian roads^ 

w 1 .W j .• upon which traffic of any great amount is carried, ought to 

Metal foundstionnoottaary. ^ . 

nave a solid fobnuatiou below the metah lUised as our 

roads generally are above the level of the country, the metal resting upon the artifi¬ 
cial mounds, it stands to reason that, where the metal is half worn, the remabing part* 
unable.to boar the weight, occasionally imposed, ttnki bto the clay below, breaking 
and crumbling the parts adjacent. In repairing these holes the clay is again disturbed* 
and again the same mischief recurs. 1 would therefore propose, for all new and great 
lines, that a substratum, or foundation, of 0 inches of coarse and mixed kunkur bw 


laid and well coDiolidatcd| and that above this the wearing mclal bo laid of a saffi* 
cient body to beat down to 3 inches, and tlmt it be a standing rule, never to allow the 
substratum to be disturbed, but by exerting proper vigilance always to repair or renew 
the ruta before the wearing stratum shall be cut through. This will cause a greater 
outlay at first, but it will be attended with comi»enesting advantagev, oud if the 
course of improvement in travelling and increase in traffic fulfils the pT.sent promise* 
lomo such system of affording stable roads muai ere long be resorted to. 

43. «£zpedients have been suggested to keep the countfjr c*irtH from following 
Eunkur, wvu of^ and particular track, by which the mef j ia unfairly worn. 

repain of ruiA £very attempt has iiitberto failed, ai>d I Icliove tfiat no 

plan con succeed. It is inherefit in the nature of bullocks to follow the lead, and to 
keep to any marked path. On consiclering the subject wkh much attention, 1 feel 
disposed to think that this mode of wear is tlic most advantsgeous that could bo 
used. M'hethcr the kunkur lias been well sorted, the ruts wear qtdte smooik, and 
become a sort of railway for the wheels ^ all the rest of the surface remains coinporo* 
tively untouched, and when these ruts grow deep, tJieir repair is very simple, and 
may be executed without impeding the transit of carriages. Small trenches, 24 inchew 
wide, and cf^n cvf, arc excavated along the ruts, and tJicn filled with new kunkur» 
which is beat down to the surface level of the rest of the road. On some occaaious, 
attempts bare been made, when repturing ruts, to divert the hackery wheels to other 
parts of the metal, by raising the new metal above the general surikee level. This 
must be avoided; such repair makes a rood misshapen and awkward to travel upon, 
and becomes much more difficult to repmr. All account of centre ia lost, and the 
state of the metal can only be ascertained by probing. 

44 . ~*rhe present mode of renewing metal is ip take up all the old kunkur, and* 

Mode of repuriu, ma»J. *“7 •tfatum 4 iiiche. thick, which beat* down 

iianowsh ^ to something less than 3 inches. The system 1 deem to bo 

utterly devoid of any recommendation, and 1 did not believe that each had been 
adopted until 1 received assurance of it in Lieutenant Atkinson's letter, No. 209, of 
the 19ih December. That it is not a cheap plan, is evident from the experimeat 


quoted in ptragrsph 47, and it ii impossiblu to luppose that 3 inches of kunkur laid 
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Coft of mctolijD2* 


upon A iurfooo of ci»f Into)/ disturbed hj the pickm eonld Afford A itroBg A»d dari- 
ble surfsee for hoAvy iraSc. Lieutenant HilVs stratum of 6 incliefl 1 consider too 
tbin. I would hare nothing less tiian a racAo thickness of 7 inches. 

45. —In repurlng ruts» Lieutenant Atkinson states, that the trenches are filled 

with 8 inches of loose kunkur, which is beat down to the 
Beiair etruts. lerel of the sj^rfsce. 1 deem this assumed thickness to be 

unnatural, if not impossible. The original thickness of the metal having been 
6 inches beat down to 5 inches or 4^; and then worn for three years, can never 
present a thickness greater than 3^ inches or 4 inches. This 1 have ascertained 
from many sections: if, therefore, 8 inches of kunkur are to be applied and beat 
down to 6 inches, it will be necessary first to excavate the clay stratuiB 2 or 2| inches 
below the under surface of the old bed. 1 have directed the Overseer never to dig 
the trenches of ruts deeper than is absoluulj necessary. The greatest thickness of 
pietal that 1 found in recently filled ruts was 3| inches. 

46. —The cost of mctaJling varica on different parts of the road according to (ha 

facilities of procuring kunkur. The expense hu been consi¬ 
dered high, and 1 have caused the Executive Engineer to 

consider the subject terieusly, with a view to a reduction of rates. The price of kunkur 
at first starting was enormously hi^, not less than As. 3-6^) per 100 cubic feet, and 
this upon a line running for the most part ooer beds of kunkur. An immense quantity 
of material appears to have been collected, at a time when the frir rates of matrriid 
had not been ascertained; so that when Lieutenant Pott, the present Executive 
En^neer, took charge, he found htoiaelf burihened with 22,46,372 cubic feet of mate¬ 
rial at the above high rate. Last year, however, a great reduction appeared in this 
article, the Executive Engineer having succeeded in obtaining it generally at Rs. L8-0 
per 100 cubic feet at the quarries; so that a great reduction of charges may henceforth 
be looked to, when the old stock of kunkur shall have been expended. There is 
about 10,GO,COO cubic feet of it left, valued at 37,100 rupees. This quantity would 
be expended in 24 miles of renewal. 

47. —In August 184^, Lieutenant Atkinson, then acting for Lieutenant Pott, 
earried out by my direction an experiment professedly superintended by himself, but 
as he did not remain constantly on the spot, X do not place much value in the results, 
which were as follows: 

For one miie of nefafftny feei hrood, (The portion of road experimented on^ 
wu a fractional part; but 1 have reduced the rates to a full mile.) 

7,550 bildaii and coolies, •• -- — -- 676 6 0 

Et cmlcras, -- -• —.. — •• 25 9 0 

28,100 cubic feet kunkur^ .. 005 0 0 


1,687 8 0 


It will be observed by this statement, that the quantity of kunkur is only sufli' 
citrt to give a stratum (loose) of^4 inches, which would ram down to 3 inches. 1 
cannot place dependence on the experiment, especially as it differs in so exiraor- 
dinary a degree from one made by Lieutenant Sharp, near AlUliabad, and superin¬ 
tended from first to last by himself, the result of which, when reduced to the standard 
of a 16-inchci road, will be 3,120 bildart and coolies; costing Ba 412, together with 
46,666 cubic feet of kunkur, costing 1,230 rupees. Lieutenant Sharp's statement 
shows very nearly the exact quantity of metal due to a mean thiekBeis of 7 inches^ 
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fti he hftd thU quintit^ beet down in foar lepmie coureeij bj hnirthe number of 
men employed bj Lieutenent Atkioeon in boating a little more than half the quaa- 
dtj of ciete) in one itratain« We cannot hope in ordioAry routine to etuin to eo 
great a reduction in labor ai Lieutenant Sharp did by hie pereona/ and unceasing 
luperintendence; but allowing 35 per cent, for inferior superintendence, end we hare 
3>900 bildars and coolies, costing Ita 516, and this amount should not, 1 think, bo 
exceeded on the Grand Trunk Road. 

48.^From examination of the accounts of Orerteer O'Conner, who appears to 
bare been one of the first who reduced in a material degree the price of kunkur, 1 
find chat this material may be quarried at the rate of Ha ]»er 100 cubic feeti 
and from Mr. Conductor Wood's account, 1 learn tint it can be carted at the rate of 
13 onnu per mile, which 1 assume as the mean distance for our portion of the Grand 
Trunk Road. 

When therefore the old stock of kunkur shall be exhausted, we may expect the 
following rate: allowing a full quantity of kunjiur for a loose stratiina, the mean 
depth of 7 inches 

Labor.- -• •• 515 0 0 

49,2d0 cubic feet of kunkur at l-S-0, •- 739 0 0 

Mean carriage of ditto at 13 as. •• •• 3G9 0 0 

1,623 0 0 


This docs not appear a great rednetioo, but it must be rememben A that it givof 
a stratum of metal nearly twice as thick as that of Lieutenant Atkiiisi u'l experiment, 

49. ^1d regard to the lasting qualities of the metal, and thereJt^re the expense 

Coat of mainUioins Trunk maintaining the Grand Trunk RoaiJ, 1 paid particular 

attention to the state of the tnctel or the whole line. It 
was howcYcr Tcry difficult to draw an absolu^ conclusion from 'Jic experiments made, 
as the road bad been constructed at various periods and in several modes, partly 
also by convicts, and partly by hired laborers. From careful inspection by many 
lections taken along the coarse of the road, it appears Ihst very good metal laid 
down St 6 inches (the loose stratum) lasts 3 years with petty repairs. Between the 
third and fourth year the ruts require an entire renewal. That is, two trenches of 
metal 2 feet broad each, require to be filled and beaten down. This is exactly equal 
to one quarter of the whole metal. It is difficult, if not impossible, to calculate with 
any accuracy the durability of the remaining portion. In some parts 1 found the 
metal laid in 1839-40 at G inches (the loose stratum) presenting a thickness of 4 
inches at centre, and 4J inches at sides, showing the wear to be «/,* at other places, X 
found metal laid in the same year to be altogether, or vi^ry nearly, worn out. The 
moet ordinary result of my sections were for metal laid in 1839-40, 3 inches in centre, 
and sides 3^ inches, and I think we may safely usume that besides U:e renewal of 
TUts after the third year, the whole mass will require renewal in the pixth year, or 
repairs by degrees to that amount. . « 

50 . _The earth-work of the road also requires considerable repairs. Clay exposed 

to continual attrition turns to the finest powder, which is taken up by the winds* 
eepecially the gales of the vernal equinox, and in this way is found to part with a 
stratum about 4 inches in thickness. Again from Ibe faulty construction of the 
section, bating steep banks, and deep ditches, a considerable portion of the causeway 
la carried into the ditch by rain-water gutters, extenffing right ocroM the kateha lid^ 
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and lometimea invading tlia metal itself. A reference to two ytvnf annaal rep^t» 
shows the aTerage expenditure on the earth-work to bare been 66 rapecs per mile per 
iunnm. 

51. —The original coat of the Grand Tnink Road in these Provinces I bare found 
it impossible to ucertain; the work haring been performed bj convicts, bj the 
starving poor, and by regular hired labor^and under various officers. 1 sliall therefore 
confine thU enquiry to the probable cost of maintaining the line. 

52. —One renewal of ruts aAer three years, with one total renewal after six years, 
are the same as one and a quarter total renewal in six years. By mj calculation in 
para^pb 48, the cost of one mile of metal, when we use new kunkur will be 1,61^ 
rupees. The expense of one year's repairs will be 

1,6134-403 

« 336 rupees; 

6 


add to this the cost of earthen repairs as per paragraph 50, and wc have the annual 
repair per mile equal to 402 rupees. Tins is independent of the cost of monthly 
Tcpfurs, establishment, Ac. Ac. Now, from examination of 12 months* current bills, 
(vis., fW>m 1st May 1812 to Ut May 1843,) it appears that the average current expense 
is 97 rupees per mile per anuum, inclusive of European and native establishment, as 
per Appendix C. Therefore, the total annual cx]»ense of maiotaiuingthe Trunk Road 
may W assumed at 499 per mile, or in round numbers, .100 rupees. 


53. ^On referring to the items in Appendix C. it will be seen that the European 
establishment amounts to nearly one^balf the cost of the monthly repairs. In the 
eourse of ^me, the whole line of road will probablp be placed under tlio Exeeutivc’ 
Officers of the several Divisions through which it passes, when a deduction may bo 
xnado for tho salary clothe Olficcr, which in my estimate amounts to about 20 per 
mile per annum. 

54. —In corroboration of my estimate, regarding the extent of repair and 
renewal, I will observe that the average of the bills lur annual repairs of 1842 and 
1843 (the only two that have hocn regularly submitted) is Co.'s Its. 332, my 
estimate (paragraph* 52) is Ra 402; but it must be considered the fifth and sixtli 
years liave yet to run on the greatest portion of the roads; and these years may 
naturally be expected tO'give an increased amount of repairs; and I think the coin- 
cidenoe is sufficiently close to justify my assumption. 

66.—The whole line of the Grand Trunk Road, between Goorsahalgunge and 

Ghaseeabad is complete in bridges. From Ghaaeeabad to 
Deblie, the unfinished bridge of 400 feet waterway on the 
llindun occurs. Prom Ilindiin to the IcR bank of the Jumna at Selumpore the road 
IS fully bridged. Then occurs tlic bed of the Jumna, requiring two small bridges, and one 
large one, of boats, to complete the edm muni cation with Dehlie. Between Goorsahai* 
gunge and Ghaxeeabod is a distance of 180 miles. There are 317 bridges and drains^ 
with a total wateraray of 1,155 feet, or about 10 feet of waterway per mile. Ther<x 
ue qne bridge of 20 feet, one of 14 feet, and 2 of 12 feet, span; all the rest are less 
than 10 feet. This is attributable to the line of road rnnning in a parallel with the 
general drainage of the Doab. The total cost of these bridges is Bs. 28,766-3-7» or 
about Rs. 160 per mile. 


HridBes. 


56.—Cue great mistake, arising from false economy, is visible in the constructioit 
of many of these bridges. They are narrower tlian the road; the latter being 
J30 feet broad. There are two bridges 16 feet broad; thr^e of 20 feet, forty-tbree 
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©f 21 feetj and twentj^iepeii of 2G feel; the mt are 28 feet broad. Some of the 
narroweet ore rtrj dangerouj, and they miut» 1 thinks be eTcntuall; letnored. AU 
were hxuit originally witl^t parapet», bat this omission is in the course of rectifi¬ 
cation ; indeed the whole ofrae parapets must be nearly completed by this time. The 
tnaaonry of some of the old bridges built by contract is of the worst description; 
that of the later ones is generally good; bu| traces of unpractised bands are visible 
ID the voufsors of many of the ditches. 

^7»—]\e8idc9 the above-mentioned, there is the suspension bridge on the Hindun 
not yet finished; H small bridges are complete between the Iliiidun and left bank of 
the Jumna; and the Jumna itself remains to be considered as to a permanent mode 
of communiciition. 


58. —In order to facilitato referenee, I have directed the F.xc^live Engineer to 
mark in Urge figures the number of each bridge commencing at Goorsahaigunge. * 

59. —The Military Board in their Secretary's lefUr No, 7750, dated 14tli April 

1842, cal )e^ for a^estiruatc for plan ting groves of trees along 
the line of the Grand Tnnik Itoad. On 14tb August 1815, 

!t forwarded under cover of my letter No. 1157, l.icutcuont AtkinionU estimate, 
mnountisig to Co.'s Us. 6,114-lM. This estimate professed to be based on the actual 
experiment of 10 groves. These groves 1 visited on my tour; they arc at the follow¬ 
ing places’ 


ExporifficnUl groves. 


Kceria, Goolooea, 

Sooltaogungc, Nubbeegungo Sc rue, 

Bheogaon, Cbibramow, 

Be war, (bungalow,) Sikunderpoor. 

Iluttunpoor, Goorsahaigungif. 

These gardens differ much In stse, and contain from 50 to luO trees; a ditch 
and bank enclose the area. Tlie bank is jdaiitcd gciieralfy wHh and J^erpui, 
which love that style of soil. The areas ai;p planted chiefly witJi mangoes, set 55 
feet apart. The average of planting and forming the garfou lias been Us. 20-8-5 
per garden; and the expense of each garden, is 3 rupees per mensem, which expense 
must be continued for five years certainty, AUltoiigh Lieutenant Atkinson asiutnet 
only four years, each grove at five years old will have cost about 200 rupees; and if 
then they be capable of thriving without fuKlier assiitauce, ibis amount will not be 
considered great, considering the utility of tho undertaking, and the eclat that such 
works always give to a Government. 

60. —1 should wish to introduce a Uttlc change In the system of managing these 
PfopoMd uLproromenU in planUtlons. At preaeut the native plmi ia followed: equal 

grovoa distances are marked off, and to provide against too proba¬ 

ble loss of some of the young plants, three or four arc set together in the same ficufc. 
Tlie evil of this system becomes evident wiicii the trees grow up; for then these 
trees being unable to find nourishment in the space due to one, each tree becomes 
itunted. I proposed therefore to the Executive Engineer to set the plants singly, and 
to provide against death by Increasing the nutnbf/ of the young plants setting *000 
in the centre of each square quincunx fashion. These, when they have attained a 
riper age, may be iliinned and planted out in new places, or at chowkees or other par¬ 
ticular spots on the road side, or they may be given to semeendsrs. The existing 
planU are generally healthy, though at **Goolovia" they appear to be neglected. 

61. — 1 would also rccommcod a greater variety of plant. Many of the gardeni 
oentain in the area nothing bat mangoes. A little alteoiJOD (0 th« natural foliage 
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«r tke countrjr would enable us to produce beautiful effects. TamaHndi should be 
more encouraged* as well as the Burpul and PttpuU 


63.—1 beg stronglj to recommend a coatinuation of this sjatem, making, as 
proposed in the estimate before alluded to, one grore at everj five miles. The 
traffic on this road is increasing very fa»t. The number of travellers along it is enor« 
mouslj' multiplying, and these last cannot fail to observe the benevolence of Oovem* 
tnent in such works, and to spread abroad the fame thereof. 

54.—It has been supposed impossible to get up avenues of trees along the Trunk 
Iload. A proposol 1 made to plant trees in this manner was rejected by the Military 
Board, in the Secretary’s letter No. 7750* dated l4th April 1812. I hare however 
since witncsied very successful attempts made by Road Committees on the road 
from Allygurh towards llatrass, from Bareilly to Shajehanpoor* and from Bareilly 
towards PeeIccbheeC. The matter requires only a little care and expense. In many 
places the native residents would plhnt I Encouragement were given them, and when 
the groves are planted at each five miles, I do not despair of seeing them connected 
by planting out the surplus plants along the road aide. 

MiLR^tTOKiea. 

C5,—The measurement of the Grand Trunk Road has not yet reached my 
division. This argues some mismanagement in the lower distnot. It Is a matter that 
should be set at rest, as our distances arc very vaguely defined, hlany of tbs 
mlle'Stonce of the old road are still in existence. Most of tlicm have been 
brought to the sido of the Orand Trunk, and there set up at a guess. In Mr. 
Secretary Hamilton’s letter No. 3488, dated 29th July 1843* the Lieutenant- 
Governor was pleased to sanction a pattern of mile-stone and obelisk for the roads of 
the North AAViecrn Provinces. But the Trunk Road is one requiring a peculiar 
stylo of mile-stone, the pattern of which should be fixed by the Board, so that all 
may be alike from Calcutta to the future terminus, i annex a sketch of one tiiat t 
should propose. The stone to be rather heavy aud fixed in masonry well clear of 
the road side. Thd distance from Calcutta should alone be marked. The distances 
of intermediate towns will be marked on separate milc-stoncs by Local* Committees. 
The Board should also decide on which side of the road the Calcutta mile-stone should 
bo erected* so that uniformity may be observed throughout. 


&traci /mm iht mmc O^cerU Report to tMt Mi/iiary Board, No, 25, 

dated 3rd Afoy idJJ. 

Gxncrai. RniARRa, 

21.—In my former report, 1 suggested the propriety of correcting the curves of 
Lbiog out when it became necessary to renew the metal. Upon 

more mature consideration, 1 think it better to retain the 
old line, excepting in certain places* where (as at Coel) very exi^gefated loops may\e 
cut off at little cost. By the mode we propose to adopt in renewing metal, very 
little of the old metal will be actually dug up* and, by retaining the old line, we shall 
avoid the great expense of a new one, as well as the InconTemeAces of a/rriA ciuseway 
under the metah 
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Section. 


S2.—The same rcMone, neurlj, lead me to giro up mj fint intention of reducing 

tbe height of the eauscwaj» with exception to one or two 
Tcry exaggerated pnrttj and beeidee, (he inrouTcniences of 
dieturbing the eubsoil, the annojance to trafRc canaed by ehutcing otT long portions 
of the road would be extreme. Tbe new aystetn of aloping aUo has materUll^ correct¬ 
ed tlio eviU of higli causeways* and the lie^lits of existing bridges are so many 
g1)stacles to improvement* that I cannot contemplate the expense of renewing tboso 
structures to conform them to the reduced height of the causeway. One or two 
dangerous places, will, however, be rcduce^l in the progress of renewal. 

23.-»Agrecahly to the recommendation contained in the 33d paragraph of my 
SideriopoE report, the greeter |M>rtioii of the slopes have, with tho 

sanction of tho Military Hoard, been corrected to four of 
bile to one of height, and many ohjectiouahle holes and ditches have been filled ht« 
The impruvemeut wrought by tbU simple and comparatively inexpensive alteration, i 
is remarkable, and would scarcely be credited. ^ Indeed, 2 do not hesitate to say 
that the traveller who bad seen tbe dangerous section of last year, would find dilH- 
culty in believing himself to be upon the same road. Scarcely any wall work Jins 
been found necessary, and Lieutenant Hcchcr thinks thiit, generally speaking, it will 
be cheaper to carry out the full tlojie than to give walls. Some Uttlo difTcrenco of 
opinion occurs on this hca9; but 1 haw sanctioned his making the experiment with 
some exaggerated causeways, os tbe wall is certainly an ugly thing, and detracts from 
the general breadth of the road. 1 trust also, that by Lieutenant Hecheris good 
management, the annual expense of keeping up these improved slop' ^ wlU not bo 
greater than hitltcrto. Indeed, when the turf and yiXwa iliall have i'l dy taken root, 
the expense of side repairs will be greatly reduced. 1 wish the Mllitiuy Board could 
see the improved section. ^ • 

21 .-Government have been pleased to sanction tho impo) taut cxjicrimcnt of 

widening out tbe rood to 40 loot. A sma^ piece on tliis 
principle had been laid oiT for my (.ispecllon, and 1 may 
be permitted to observe tbat, if tbe whole be carried uut, the Grand Trunk Road 
will be a noble monument worthy of a great Govcnmicnt. The M Hilary Hoard 
expressed surprise at the assertion made in tlic 3rth parnprnjdi of my lost rejtorl, vis., 
that almost all loaded hackeries take to the metal, anil th.nt none but light liaekcrics, 
going short Jourueys, prefer the kutclia sides. This opinion is daily confirmed. 
Lieutenant Bccher and 1 took some trouble to observe tJic state of llic <|ucation as 
wc walked up Uic road, and 1 may fairly assert, that for one hackery on the earthen 
side, wc found twenty upon the metal. It is pcrhajis wrong to say that lieavy carts 
never go on tlie sides; they do so at tiroes as a rest to tbe bullocks* feet; they will 
go thrci*-faurths of the journey on Uio metal, and the remainder on the kutclia side. 
This applies to unshod bullocks: those that have shoes keep tlic iiictal ibrougbuut. 

I can understand that, during the early introduction of the system, and wlien it was 
not very perfect, the cattle drivers may have objected to the metal; in many places 
they arc forbidden on X/)cal Committees* roads to use the metal for fea^ of wearing 
it out; and thus pcr)ia|»S many travellora still rUink'lhe metal is every where reserved 
for the **Sdhilf but the reservation lias been loudly complained of to me by way¬ 
farers, and I have done all in my power to got public roads thrown open unreservedly 
to the public. Yet, it roust not be argued that, because the meUi is preferred], it 
is useless to widen out the kutcha sides. Width of road is always necessary, for tho 
•ides are much cut up by rain, so that at certain seasons there is none leR of the 
seven feet of kutcha side, and there ii no room for carts tu avoid the fast naili; 


Inereoiwd breadth. 
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whereas with twelve feet sides, 1 think we sUnll always be able to retain a sufficient 
track on each side of the metaU 

25.—Although 1 still hold to the opinion set forth in the 3 9 th paragraph of my 

iMt report as to the expediency of giving a solid substratum 
Mode of repair. ^ roads, yet as the necessity of immediately assisting 

a very large portion of the road, appear by the above paragraph to he urgent whilst 
our means are limited, I have proposed to Lieutonaut Becher to overlay tho old metal 
as it stands (without touching it with the pickaxe) with a stratum that will beat down 
to 3 inches. By this means, we shall be able to place in security and in fine order, 
100 miles of roul this year; whereas, if we were to renew with a stratum 9 or 12 
inches thick, wc should hardly execute 00 miles. IVhen this new stratum becomes 
in want of repair to great extent, 1 propose to cover it again with 3 inches of metal. 
Lieutenant Bechcr perfectly concurs with me hi these views, and he is making arrange* 
I ments accordingly. Tliis mode was suf^ited by the Military Board in their 8ccre« 
tary's letter No. 123G, dateil 21st June 1841, paragraph 11. The only exceptions will 
be the round-backed sections, which will not answer as snbatrata, and oue or two vio* 
knt causeways. 

20.'—There is another important advantage gained by tliis mode. It is that by 

laying a single and thin layer, this layer will be well consoU- 
Advaotage o wibIo layers, portion of it can be concealed from the eye of the 

fiuperintcodent or of his Overseers. IVhcreas, on opening out metal 9 inches thick 
beaten in two separate layers, 1 have invariably found the lower layer to be inferior in 
compactness. The eye of the Overseer cannot be everywhere, and the workmen slur 
over the lower layer, hojiing to uiake all right by finishing the up|>cr one in proper 
form. The error thus incurred is of a very serious nature, and very few Overseers 
apprehend it; H is this, that when tl\p upper layer grows thin, it sinks bodily into the 
lower one, which is indeed not one whit heater than good clay. This is a point 
deserving the ^cp consideration c^all Officers in charge of metalled roads. 

27. —Many very intelligent Ovcrsei'raand contrartors argue Against this point, and 

contend that, unless the upper layer Oini/t witli the lower, it 
Objections, fiulaoy o . inferior in ijuality and will work up, and tlxat to secure a 

proper bond, the lower layer must net be beaten to hardness. Nothing can be a 
greater fallacy, as is shown in the new mode of repairing nits. Formerly, the old metal 
WAS cut out down to the very clay; since my last report, it has been the custom to 
smooth out just BO much of tlic rut as has been worn down, filling in with a thin coat of 
kunkar, say 2 or 2} inches. If the kunkur he suitably sited, i. e., if the pieces be not 
too large, this forms a perfect repair, and wears as well as the thickest stratum would. 

28. —I am very happy in being able to report a vut improvement in this item. 

In the early stages of the Grand Trunk Road, the price of 
kunkur laid down at tlie road side was Ba 3*8-0 per 100 cubie 

feci, and a vast stock was left by Lieutenant llill at this price. Lieutenant Pott 
reduced thes^e rates considerably, sod obtained kunkur at an average of Bs. 2-4-0, or 
Be. 2-8-0 per 100 cubic feet at the road ride. Lieutenaat Becher applied himself to great* 
cr reform, and he is at present obtaining kunkur at something like Bo. 1-10-0 per 100 
cubic feet at the road side. It is impossible as yet to fix the exact average, as much 
of the price depends upon the carriage, and this cannot be properly regulated until the 
map of the rood is completed; and then 1 expect that lieutenant Becher will com¬ 
plete his arrangements and reduce the price of kunkur to a minimum. The follow* 
iixg are the rates at present contracted for in the Northern Pivifion, where the beds 
are abundant, and underlying 3 feet of clay generally. 


Price of kunkur. 
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For digging Bnd carting 1 pyrnaneh of 1,200 cubic feet 
or 1;000 ptUiuU to 1,000 feet from quarrj, p> -- lU. 12 0 0 

i>Ut4> ditto 1.200 feet ditto. •- ,.13 0 0 

llitto ditto 1 oiile ditto. „ 15 0 U 

Ditto ditto ditto or 1 ditto, .. IG 8 0 

For distances exceeding one MtWy the pajioent will be at the quarr/ 10 riijicel 
10 annae per 100 wundt for each iosi (of 1 * mile). 

20.~ln order to reduce the rates and contracts to something like ay item, Lton« 

, trnaijt Jlecber has caused four erperimcuti to be mode, the 

means of wluch gave Iu> for a pymawAy containing 
1,000 muH<U, or 1.200 cubic feet: or an overage of 12 annas per 100 cubic feet at the 
quarry, or D ru|^es per pymanoA, ThU appears to me to be h rate which can 
hardly be reduced, and iudeed one which can odIj be kept as a sort of standard of 
minimum. Some little profit must be made by contracts, or no undertakers wili^ 
come forward; but by keeping tbc contracts np aJl the year round, and allowing the 
contractors to supply the material at tbeir own convenience as to icasoiis, they can 
manage to derive aome profit even from our mioimum rptes, which arc calculated for 
hired labor, because at certain seasons, when the fields require no attention, llio 
contractors can procure lyinds at raica little exceeding (be price of a scer of oltah. 
and such ia the common practice amoitgsi the natives, 

30.—Tho next experiment made was that for the rates of carriage, lloth Over¬ 
seers superiutended the cx|)cnmont. and it Ibiind llmi 
Carriage of kun ur. ^ tiro*buUock hackery. C4>slliig H aiiiiaa p**? day, could 
(ravel 4,200 feet in 20 minutes, or about 1} mile per hour, carryir^ a load of 12 
MHnds, It took by some experiments 15, by others 10 minutes, (o load and dcs* 
patch the cart. Vtom these data, Licutenaut Bucher coiillrurts liii formula fur 
adjusting the rates of carriage: 

Xjct g the number of trips, working 10 hours per day at fJ.c distance tf; 

2 g ^ the number of jourheys to and fro; 

^ MX ^ the distance travelled. Then, 

number of hours travelled; and aa it takes 16 muiutcs to loadUhc carr 


2 ax 

1-75 
2 ax 

1-76 


each time, 

^ ^ X 10, or S ox -|~ 


8 41 -f 1*76 is the equation from which ore deduced the folluwiiig 

70 

For oue mile the equation bocoxqcs - - - 7J say 8 trips. 

9*75 

n - . 

, .. .. .. . - - .W. - 


26-75 

70 




3375 
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The expense is thence deduced u follows: 
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3 ].—Hio fthovc win show the atteuliou with which the subject lias been treated, 
and tlio economy of the cootructs made tJiis season. It likewise shows the great 
iniportanee oT an acetirato clurt of the quarries, towards the preparation of which 
the Military Board have been good enough to saitctiou a small temporary surveying 
cslabliihmcnt. On the complctiou of tlus chart, the general average will be calcu¬ 
lated with great accuracy. 

I 32.—in the 2Gth paragraph, I liavc stated our project of renewing this year 

Cost of molalliog inalioa inches of loose knnicur, which will make a liard 

thicl(. stratum of metal, about 3 inches tliick, Lieutenant llecber 

escimaies the cost as follows: * 

31,6b0 cubic feet of kiinkur at l^S-O per 100, •• Bs, 48^ 0 0 

Labor,.230 0 0 

Total, lU - 715 0 0 

The knnkur is hero supposed to be carried two miles, Tlic cxpcriincut iimdo by 
Licutcuaut Atkinson in 1843, os mentioned in tlie 47ih paragraph of niy Inst report, 
gnvo n rale etpml to iU. l,687-8-0 per mile, for a loose stratum only 4 inches thick. 
Bo that if Lieutenant Bechcr*s rates are carried out in jinvcticc, and of this 1 enter¬ 
tain no doubt, he will have reduced t)ic rales by more tlian 50 ]>er cent., which, if 
we take the average renewal, including ruts at 30 miles, would clTect o saving of not 
less than 27,000 rupees per annum, on (bis jmrtiou of the Grand Trunk, and which 
would pny the whole establishment for two years. 

33.—Although our operations this year will be chiefly confined to strata of 
Cwt of laclolliUR 0 inches -IJ-inches loose, yet in some places where the section is 
thick. much disfigured, it will be necessary perhaps to dig up the 

old work, and although, in most of these eases, I should prefer renewing witli 
4 j inches of loose kiuikur, as mentioned in paragraph 27, yet it is well to prepare for 
occasional layers of 9 incites, loose. Lieutenant Jlccber estimates this os follows; 


G3,3G0 cubic feet of kunkur, at l*8-0 per 190, Bs. 970 0 0 
Labor, .. .. — 450 0 0 


TdUl, Bs. 1,420 0 0 

This rate goes far below my best hopes of 1841, and the average cost of 9 inches 
metal last year was 1,890 rupees per mile; and this latter rate has been vastly reduced 
since my report ttpou the Trunk Bead. 

34.—Uuis are repmrcd by ^cutting clean troughs 21 inches broad and about 

^ , 2k deep. Lieutenaiit ttechcr estimates for re¬ 
tort of repairing ruts. • /t j 11 . r 

pair of 1 muc of double nits as follows: 


6,1G0 new kunkor at i-8-0, -- Bs. 95 0 9 

Labor, . 90 0 U 


Total, Bt. 1»5 0 0 
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Or about 10 mpecfl per mile leas than last Tear’s esUniatcs, wbicU oitimatcs have also 
been much re<luccd. 

36.—Almost all tlic knnkur has latelj been supplied bj contract, and some of 
Contract JT diem wpairs of eartlien sides have lately been contracted for, 

In the Military HcMird's letter. No. 0772, dated 21st Febru¬ 
ary IS 15, the orders of Govemiacnt were con^mu idea ted, to endeavour to execute the 
whole of the works by contract. Lieutenant Bccher has therefore issued an advcrCiie- 
ment, calling for tenders. 

3G.—The lupjdj of kunkur, the construction of earthen causers, the repmrs 
of sides, and sucli like work, will ccrUiuly be more economically exccuA by contract ; 
indeed, tliese have generally been contracted fur. The great trial will be in laying 
down the metal. At present, the natives appear to be afraid of imdertaking Uio 
contract, knowing Uio rcqulsliioQ of the department in regard to the i^uality of wofk. 
They lire also generally in utter ignorance of tlic approximate rates. S^omc whom wo t 
sounded on the road side, meu who had been contracting for the snpjdy of kunkur, 
asked more tlian our own working rates. C)t]icrs, LieiilcuaJit I lecher informs me, 
arc coming forward, saying, ** What arc your rates T Giro us ]U 50 less per mile.’’ It 
is to be hoped that some Europeans of rcsjicctablc chamter may come forward, but 
even in this case the utmost vigilance will be required; for, if the European contrac¬ 
tor undertakes more thah he can personally superintend, and if he cannot atforJ 
to place European assistants under him, be will be deceived in the work. In either 
case, it will be absolutely necessary to Increase the luunbcr of Overseers on tlic Grand 
Tnink Itoad between Dchlic and Goorsaliaigunge. 1 have lately aad cause to 
condemn a great quantity of metalled road made for the Itoolundlhiruur committee 
by an European contractor of great rcsjicctability, Mr. Greig. 

.17.—I cannot protend to soy what reduction tlie conlrwci system will make in 
the rates of metalling; but Livutenaut Beclicr will do all in ill- power to hitroduec 
it, at least upon trial, as lie is most anxious to free himself from *Uc labor of accounts, 
w hich at present occupy much lus and the Overseer’s time, a't J render their personal 
superintendence less etKcient. 

38.—The main portions of the bridges arc in good order. All liave parapets, 

but I regretted to observe some very bad masonry in the 
llridgoa parapets of tJic Southern Pi via Ion, the cement licing of tho 

worst kind. The materials of tiic parapets in the Northern Division were bettor, but 
in some eases the walls were giving way at the wings for wont of proper foundation* 
The Overseers complain tliat the slsc of tlieir divisions, 90 miles each, prevents their 
seeing every thing properly cxcciitod. No nlUrmpt had been made before Lieutenant 
Becher joined, to nnmber tiic bridges. Tlic work was only half advanced during my 
inspection. It must now be finished, and it will afford great facility in keeping a 
register of the condiUon of the road, for, without such land-marks, it is very diffi¬ 
cult to moke accurate notes. 

—Ten groves of trees were menUoned in my Iasi report, and four more had 

been formed ere the receipt of tlie Ilon'ble the Lieuten^t- 
Governor’s prohibition. All the groves are in good and 
fionrithing condition improvements recommended in my lut report have been 

carried out. The cost of making and preserving these groves up to lit January 18^5, 
has been Bs. 872-0-5. The average expense of forming one gyovo Is Bs. 32-0-0 j tho 
average annual cxjicnse of keeping it up is about Ra 19. These arc small sums, and 
the current c:cpensc even is calculated to cease in 5 years. The upper portion of the 
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GnnU Trunk U lementablj Utrrra of folinge. Will these sumi be considered iiifu!** 
missible hy GoTerament with advertence to the nltiniate decoration of tbe country 
and the comfort of travellers ? Oixly one symptom of planting on the part of private 
munificence is visible, ind tbii consisted of a few trees near Secundra rao. 

40.^An estimate for constructing IH chowkica between Dchlie and Goorsabai> 


Cbowkics. 


gunge was transmitted on tbe 2&th April last, amounting to 
Its. 1 hope that it will meet with favorable 


consideration, os 1 consider it very necessary that the officer and liis assistants should 


have the mea» of moving rapidly along the road, which they cannot do if obliged 
to march witments. When large works ore going on, the work people always get 
intelligence of expected visitation, so that unless the 6upcrintendeut*s movements oro 
brisk, he cannot discover the real condition of the work. 
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FORMATION AND MAINTENANCE OF THE GRAND TRUNK ROAD* 

No. l^.Extraf:t 0 /a Letter from Majob P. W. Witws, Ertifinetres Superiniendent 
of ike Orand TrttnA ]{oad» addreeeed to Caftaim J. D. Cunning uam. Engineered 
in cka}ge of ike Superintending Engineer^o Qfiee, N, W. P.» VmhaiJa, Eo, 1300, 
dated 20(k December IStH). 

i 

1 will point oiutlie priucipal daU necesury for designing plans of work a proper for 
a line of road, kc,, auch as art abaolutel/ rcquiaiic to be registered before anj correct 
estimate can bo framed. 

prepare and mature the data for the embanked road and droini, tho leveifl 
of tlio line should be accurately taken; or, if time should not admit of taking the levels 
of the whole line, at least levels must be taken of all dips. boUowB,/ivers, nullahs and 
valleys, jliceU, undulations of ground along the line; and the liighcst known flood 
marks should be drawn upon the sections. The number and nature of the designs for 
drains, depend chiefly on the knowledge of the extent and dej»th of the highest floods, 
and it is impossible (0 provide for the drainage of an embanked road, without levels of 
the natural ground. 

*&.^As tho line Is to be made really an efllcientonc, as a eommcreial and military 
road of comuiunicaCion, the greatest care should be taken to determine with accuracy, 
the exact ainnunt of waterway and of raising rccpiircd, and its liability to floods; so os 
to render the road passable at all periods of the year. 

G.—1 recommend your attentively considering the following points 
iitfy, —The propriety of the choice of the ground fur (he new roai . 

2ndty. —Tlic proper heiglu of the road in respect of the water-Um at the extreme 
of high floods. 

.'Jrd/jf, —The proper quantity of waterway for the necessity *m!SAge of the water 
through the said road, in the time of the said floods, so as to pt event its being over* 
topped and breached; bcarutg in mind that a road sliould nc' :r be foo little or too 
much raised, that it is throwing away expensive metal to sprr.id It upon a road liablo 
to be under water at any tune; whilst at the same time care ahuuld be taken that tho 
embanked road shall overtop tlie extreme height of flood by only about 1 loot, or 
foot; the latter in sandy soils liable to groat settlement. 

4ihiy .—Consider the particular places where arches ought to be situated, and 
the number and dimensions of the arches proper at each particular place. 

—Consider tlie best method of construction and the form of tho said 
arches, so that they may be dom* at as Uttle exjiense as possible, consistent with 
their being efTectual. 

Cikig .—Carefully consider the proper section of the road where it passes through 
ground liable to inundation from rivers overflowing their banks. 

_Consider the nature of the metal procurable, the distance of quarries 

from the road; the materials generally procurable for building purposes; and tike 

rates for carriage and laborers of all kinds. , 

g/Afy._Carefully consider the nature of the soils on which foundations are ^ be 

posited, and the velocity of streams for which waterways are to be provided. 

7.^You most bear in mind that there arc two most important requisites for a 
road; the one is thorowgk drainage, the other licoMo/i<2e/mN. The latter desideratum 
Is not to be attuned without perfect drainage. Drnmage was, before my supervision, 
too much neglected on the Trunk Rood, and it is still neglected on most of the 
district roods under Local Committees. To provide sulHeient drainage on the hrsk 
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conairuciion oft road, would cost much leu than the wear and tear occasioned hy the 
want of it, and indeed withont both crila being thoroughlj provided against, no iabor 
cr will heep the road in a ftrat-ratc d^ec of perfection. No metalling ought 

to be cooaidered aa finished until thorough Ij consolidated; that ia to a degree that will 
adult of horses in draft trotting over it without much extra exertion. 

g.^It was after mature conaidcration of the above-mentioned points, and after 
carefully taking the data for the dosigua and catimatca for the work (now under con¬ 
struct Ion) of thr Grand Trunk prolongation between Pehiic and Kurnaul, that wc were 
enabled to submit at once the whole of the numerous estimates and plans for okrth- 
work, (] rid ns, bridges, and meUdling,wUli sections or profiles of the ground and of every 
nuddcc and ita valley, &c., for that line of road. 1 send you a list of the maps, plans, 
and estimates connected with this lino of road extending about 7r> miles, from tho 
Lahore gate at DeUlie to Kumaul. I Lave inserted the aniouiils of each estimate, and 
the total estimated expense of every item (iucludiiig laigc brltlgoa) to complete the 
line in the mo%tp^rMHtnt wanner. Thus I have fully answered jour <|ucry as to the 
expense of aline of road nearut to your locality, though it is nut quite a luiudred 
miles as you required. 

fi.^The Grand Trunk between Dehlie and Kumaul will l>o a beautiful line of 
road, altuosi straight as an arrow, except were a slight curve of six miles is laid out 
on the railway principle, ami not being perecptiblc to the eye of a traveller, la there* 
fore of no consequence. 

10.—As to the standard width of surface of the tirnud Tnmk Jload, I beg to say 
it is thirty feet at surfoce, with aids slopes of four feet of base to one of height, except 
when above six feet. 


No. 11.— o/ n Lider from ike SuvKnJNTKSOKNT Gkawx) Tuvnk Hoar, 

fu Skcretary Mii.xtaky 1Ioaki>, t*Ai.cuTTA, Ao. tlaled 

Vooemfter 

12. —Now, as regards the mojiitoiancc of the road, I l»eg (o submit the follow¬ 
ing observations, whicli describe and prove the cfiicienry of the measures adopted, 
and the principles which guide me, vis. 

13. —There are two most importmit rcqimites for a road; the one is thorough 
drainage, the other is consolidatigu. The latter dobidorahnn cannot be attained with¬ 
out perfect drainage, which latter has been too much ncglretccl; hut to remedy the 
defect would cost much less than the wear and tear occasioned by its existence, and 
indeed without both evils being thoroughly provided against, no labor or &x|»cnse will 
keep the rood in a lirst-ratc degree of perfection. No metalling ought to be consider¬ 
ed ns finished, until thoroughly consolidated, that is, to a degree tliat will admit of 
iiorses in draft. 

14. —Tiie great advantage in maintajoing roads in good condition, as a measure 
of economy, cannot be too often repeated, or too strongly enforced. A road in 
superior condition is assumed to be one that has always a hard and even surface witli 
curvature just sufficient to allow the water to run olT, and at no time with extensive 
patches of tho usual sized broken metal now laid upon it. 

1^<—It is proved by the best practice in England and other countries, that it Is 
good policy and economical to es|>cnd a considerable additional sura annually in 
improving and maiotaming tlie road m a superior isannor, if not to bo effected 
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nithout luch extn expense. The ordintry eonne of proceeding, is» to ley down metal 
elong a road just before it arriTes at its iniiumQm thickness^ and at a sacri^ce of some 
direct increase of expense upon the road, with a Tiew to make some improvement. 
But the greatest improrementa may be made by a proper system at very little, if any» 
increased outlay. 

IG.—'Now to prove and establish soch aj>osition; on a thoroughly consolidated 
road, the wear is even, gradual, and very slow. The former usual mode of proceed¬ 
ing, and which it atiU too commonly the case in some divisions of the road, was to 
wait until the surface had lost its shape, and then a thick covering of metal broken 
to the usual dimensions, was apjilied over esUnslvc distances and not sufficiently 
consolidated. This produces heavy draught, chance of injury to horses* feet, a very 
slow formation and consolidation, a great deal of disptacenK ut of material, and extra 
grinding and wear and tear. And these portions of the road arc ]>erR)dlcaUy rendered 
almost iinht for transit, and ultimately remain a mis'thspcn fixing of not half the 
quantity laid down. 

17. *-~Now the most perfect system has been obtmncd by a ronitani watching* 
and the application of very small patches of stone broken fine, care fully siijipticd to 
the *' small hollows as they shall successively be formed/* 

18. —It is evident that instead of all the griDdiug and crushing of the material* 
which attends the passago*of wheels over a rough road, the friction and coiisoquent 
wear on that which is perfectly even and hard, must lie most trifling. 

19. —Under the system here recommended as heat, and adopted on the Trunk 
Koail, there will l>e, no doubt, some mldltional manual labor rcipiisltc t *1 the road; 
hut, at the same time a most det'ided anvhig of material and in the carri .ge of it; aiul 
in places were the material is distant, the saving on that item will be gr.'ater than ibn 
expenditure on the other: thus obtaining an absolute deduction in o'Ulny, to procure 
the perfect road, and (what is of advantage in Indio) increasctf wo ‘k tor the laboring 
population, or the substitution of mnnual labor fur the cmpl»y» cut of material and 
animals. Under this thorough good system,* the l»ettcr the rc i«i, the less will ho 
the outlay upon it. Tins principle requires a dilTcrcnt manner of prorocdiiig from 
that of occasional working at intervals. It will require men on constant duty for 
every part of each division. Tu England, mou have been employed on this principle 
called ^'milemen,” and with success. Iji France it is very general, if not universal j 
they are called ** cantonniers.” On the Grand Trunk ltos<l, wc call them ** tioA'nr 
coolies.” Such men mu:it reside close to tlic road in liuts crecteil at the expense of 
the Government. Wiien not actually employed in patching metal, there will be 
ample employment for these ** aoXwr cooUes*' in raising and trimming the kutcha aides 
and slopes, turfing, watering, preparing and breaking metal, &c. 

20 . —It will be the duty of the Oveneer to regulate the work for each gang of 
coolies. If a rood that hu four inches or more thickness of broken metal upon it, is 
in bad condition, the proper process will be, (not that ordinarily pursued, of imme¬ 
diately laying three or four inches of freah material over its Surface, hut) to commence 
clearing dirt and dust off the hollows, then to make good the surface to an even and 
proper shape; pick up all the little hollows and rutsa fill them with metal broken fine, 
and have it well watered and rammed down to the hollows. 

21. —The thickness of consolidated mcUl need never be more than eight inches* 
and should never be less thau four or five. When reduced to that minimum, and 
provided iU surface be good, it should be picked U the depth of half an inch, and 
about four or fire inch» of broken meul laid upon it, and well rolled or rammtd; 
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Mhtn^ ftrtlfiilal watering if clone im Ary seasons; for, wltliont waterlitg, no melal will 
con soli (in (c. The metal should l>e rolled or rainmccL Rolling for broken atone, 
gravel nnd khoah. Is beat; but kniikur metal is l>C3l ronsolidatcd by ticc rammer. 
The latter has been used with the greatest success for the kunkur in the tapper 
Provinces. 

22.—Tills coating of four or five inches niU be the substance for regular wear, 
and it is calculntctl, will lost three years; snvall depressions, ijtequalities, or want of 
funn, as ^oon as they can be jicrreis'cd, bring minutely corrected from time if time, by 
2>icking tlic surface, and then ^mtcliing with small quantities of mrtn), broken fine, 
vtdfret/, and raintned clown. Proucled these |irinei[dcs be duly and properly carried 
out, the annua) estimates nill be required only for the jiromion necessary for quarrying, 
carriage and stocking ol'metol; the noAur coolies spreading and consoUdathig it. 

* am of opinion that this system uill preclude miicH }>ctty peculation and 

Trand, which is scarcely to be chcckcil on the inelbfnl of working at intervals ou large 
estimates. 


Xo. o/PitUs for tPprkiNt/ Kt^lnr Cooii99, 

I. —The ** nohir coolies'* are a ]fteniiniunt cstafilishmcnt, for making all the petty 
repairs to the surface of the metalled rrmd, kutehn sides and slopes, mud walls, turf* 
ing, and tending trees. 

II. —The establishment is fi\cd on tbe following scale; which however is liable 
to modifications ns cxjicriencc may hcrcallcr point out. One moluirrir or native 
nccmintant for crery Overseer's cJiargi*, or .*>U miles, at H rupees per month; one 
ainlar couUe for every lG*C(i/ miles, ot ti rupees per month ; one luolceooUe for every 
h\M miles, at 4] mpeos per uioiilh; ten coolies or *'milcmen*’ in the dry seasons, and 
fifteen coolies in the rains, for ever)* 5*.Vi iiiiles, at V* c*upce9 each per memicm. 

]ll.<->These coolies are to be Ihmishcd wiCh tools at the expense of Cjuvcrnaent. 

iV.—Regular Monthly llctiinii of fools are to be sent to tJie Executive OHicer'tf 
Office. 

Y.—When tools are worn out, they are to be submitted to a Committee of Siir- 
Tcy, ond after being eondemned, the uunqiairable tools are to be sold by auction, and 
the procceiis brought to the credit of (iovcrnmeiit, in tbe lialf yearly Cosh Accounts 
of the Executive OtTicers. 

VI. —^Vben new tools are required, tlic Kxecutive Officer is at liberty to get them 
made up, either by contract or otherwise os may be chcajiCBt; and alter being submit- 
ted to a Committee of Surve}*, they can be charged fur in tlie current Expense Rills, 
with 11 roper vouchers nttaclicil. 

VII. —Tlie coolies are to be furnished aitU huU at the expense of Government, 
excepting the w.iDs, which must be built of mtul by thcnisclves, agreeably to the follow¬ 
ing dimensions; each but is to consist of mud walls two and a half feet thick, and 
eight feet high to eaves, outside; ojid to have gable ends at 2't degrees slope, fora 
tiled roof on a ridge pole. The internal measurement of each hut is to be thirty feet 
by ten in tbe clear, the rafters are to l>e of the commonest and cheapest kind proeor* 
able. Over the ralUrs a bamboo frame is to be laid to carry tbe tiles. 

VIII. ^Thc toofs of the coolie huts will be constmeted at the expense of Govern* 
men*, on regular estimates submitted by Executive Officers, 

2 
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IX. -^Tlie Overseers are to be held strictlj responsible for the proper employment 
of the coolies, anj uc to sabmit to the £.xeculivc Officer, weekly reports of bow they 
have been employed, whether on metah earth-work, mud vails, turfing, or tending trees« 

X. —'The Overseer is to Veep a long lloll or Descriptive lUll, of all the sirdars 

and mates; also an Acquittance Koll Book, vi(b names of all employed coolies included, 
with their several stations noted. • 

XI. —'file coolie huts are to be .V33 miles apart from each other, and tlicir posi¬ 
tions aT| to be so regulated that tlie huts shall be iu the centre of each mate coolie's 
ciiargc. 

Xn.—Tlic key and charge of the nearest Overseer's chowkie is to be kept by the 
mate coolie iu charge of the nearest gang. This wlU obviate the necessity of hiring 
chowkeedars. . 

XUS.—Executive Officers and Overseers are to adopt the strictest measures'for 
the supervision of the sirdars, mates, and coolies. Every sirdar and mate coolie is to 
bo made responsible for tlic work of tlicIr rrspci'tivc gangs ; anti on the occurrence of 
the first fault or neglect they may be guilty of, their piiuishuicnt should be instant 
dismissal, and the fact of their dismissal, witlia co]»v of tlidr Ihscriplivc lloU ami 
nature of the fault for which they were dismissed. Is to be made known throngiiouL 
the division and neighbonriiig divisions, so as tojtrcchuk* their getting service under 
other Officers. * 

XIV. —The jierfcct development of the “He4i*r coolie” system ncroMitHtcs, that 
the attention of sirdars, mates, and coolies should ho strictly coinincd to their 
prescribed duties. Executive Otiiccri are therch'rc positively lurbn to employ any 
one of the Road Hstahlislimcnt for the vunvcyaiicc of letters or ordci.*, however emer¬ 
gent, nr in any manner whatsoever, except in their prcscribcil ilutie><. 

XV. —Executive Otiicers suid Overseen are empowered it* collect two or more 
sections of coolies, for employiiient in any hcighbaurijig aoclior wuere urg<*nt repairs 
or wiicre the ron<l may have sustained great damage, niid insh at rejmir jnny be neces¬ 
sary ; the men heing buiuid to return to I heir pariirular sle;.oii^ us soon as the said 
urgynt repairs hare been complctcil. 

XVI. —In rcfereuco to the above, and to the prcacril»ccl duties for the coolies, a 
Form of Voucher, for work actually done, is herewith annexed. Tliia voiirhcr is to be 
attached to the Monthly Current Bills in which thi* wages of cAlablislnncid ure charged. 

XVII. —Every mate coolie, allcr lining out and measuring the day's work for his 
gang, or a section, will make an inS]>cction of onc-hutfidhis charge, miles daily; 
every sirdar coolie will make on inspection of his charge lb*t)U7 miles, at least twice a 
week: every Overseer will make an inspection ofliis cha^, .10 miles, once during a 
month; and he will record his visits on a board liung in every chowkie, shewing the 
dates of arrival and departure. These board.s or the paper from olT (hcui, are to bo 
sent to the Executive OlKccr's office fur record at the expiration of every‘yean besides 
which the Overseer is to report bis ius|»cction jq the usual Monthly Ilejtort of 

progress. 

XVIII.—Executive Officers and Overseers arc to take case to instruct anf\ sea 
that every sirdar and mate coolie understands how*to line out and measure work; and 
that they are duly provided with ro|>cs and iron pickets for lining out excavations, 
Slc., and with pro{Kr measuring rods. Every mate coolie is also to be furnished with 
an iron ring 1^ inches interior diameter, and he is to bo instru^'tod, that he will bo 
liable to fine or dismissal, If he allows n piece of metal to be put u]»oQ the road, larger 
tliaii can be pasied (hrerngh this gi)uge« 
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XIX.^Aft the Sute Ifl pat to gmt ex^nte for meUl for t]io Grand Trunk Road, 
it is indispenaibly necessary that no metal should be lud dom withoat its haring 
been properly stocked, measured, and reported on, for record In theExecutivc Officer*! 
office. Even for ])etty repairs this should be doue. It may sometimes be impossible 
to procure a level piece of ground near the road, rvhereon to stock the metal in regular 
rectangular stseks, such as esn be accurately measured; consequently, in such locali* 
ties, it may bo permitted to stack the metal on the kutcha side of the surface of tho 
road; but nuder no other circumstances ought stacks of metal to occupy portion 
of tbe surface—thirty feet of the road. Executive Officers and Overseers will be 
liable to severe animadversion, if they allow metal to be stacked on the kutcha sides, 
when there arc other places adjoining the road, whereon it might he stacked with 
fid vantage. The *Thole breadth (thirty feet) of the surface of the road, must be kept 
open for the convenience of traffic, and It is tbe particular duty of Executive Officers 
aod Overseen to see that it is so kept. 
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COMPARATIVE COST OF CAEBIAGE ON METALLED AND 

UNMETALLED EOADS. 


Stireci 0 / a UUer 0 / ike Poet Matter QeneraJ, KortK Weeter% Proolacee^ to tke 
Mon^lie tke LieMtenaat-Gooemort dated 30tk Sepieml/er 1630, 

A cakuUtion based on the returns of Aie Bullock Train, goes far to prove that 
without any reference to the general intereata of the country, (he want of a road to 
Lahore snnually causes Government to incur an expense greater than would keep in 
repair, and pay interest on, the original cost of construction of a metalled road. 

The following statement ahewa the actual number and weight of packages convey¬ 
ed from Allahabad to Cawnpore, and from Meerut to Umballah, in the month of hfay 
IH50, together with the cost of ostablishment on each^road. 1 hafe selected Maykas 
a month in which the estabibhment was fully emjdoyed, mid one durbig which there 
are no dIfiiculUes arising from rain. 


# 


From Allahabad to Cawnpore, -• 

From Mocrut to Umballah, -- 

The distances are nearly equal to each other, and to the d^tanre h. tween Kurnaul 
and LoodUna; so that the comparison can be at once applied to tne latter line. 

The result is, that the actual cost of conveying mid guardin'/one ion of goods on 

the iqetalled road ii lla8*2-i, while oi. (he urimetalleil road 
the cost for the same distance is II& From these 

data ii is easy to estimate the cost of leaving the road in its 
present state. The sums mentioned merely shew the actual 
cha^ of haulsge in dry weather, and do not include the cost, 
and wear and tear of carts and wsggons, or any estimate of the loss occasioned by the 
unmetalled road by delay caused by rain. 

If the Markundah nver be left out of consideration as impracticable, there is no 
engineering difficulty on any part of the line between Kurnaul and Loodiana. The 
streams which intersect it are of no great width. 1 believe kunkur b to be found in 
the neighbourhood of the road, and for upwards of 40 miles it runs throngb the terri¬ 
tory of the Maharajah of Puttiala. 

Even if the whole were completed by the British Government, the cost eonld 
hardly exceed Bs. 6,000 a nile. At this rate, the total cost would be about six and a 
half lacs of npees. The annual cost of keeping a metalled roadin repair is, 1 believe, 
about Bs. 300a mile; all estabUsbmenU ineludedB The total annual charge on*th« 
road in question may therefore be reckoned at Ba 70,900« 


Interest on 6,60,000 at 6 per cent,,. 32,500 0 0 

Annual repairs of 128 iniies si li«. 300 per mile«. 38,400 0 0 


its. A. P. 

0 1 ul per ton per milo. 


Bs. A.P. 

0 S per ton por milo. 


MiUe, 

KnmUr, 

«/ 

Paekaffee. 

Grou 

R’eiffkt, 

Coet of 
Conor^uHtf!, 
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3,591 

Mds. Srs. C» 
6,002 26 0 

Bs. A. P. 
1,718 0 0 

128 

1,092 

2,020 1 0 

; 2,632 10 « 


70,900 0 0 
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The difference in Uie co9t of the conrejance of each ton of goods would he as 


Above Us. IT-lhb. 

Charge for convoying one ton on nnmctalled road,* -25 2 G 
Charge for conveyance of one ton on metalled road,.*-*- — 8 2 1 


Difference, 17 0 & 

If tliercforc the weight of goods, for the cost of conveying which Government is 
charged, amounts in the year to d»lG't ions, the whole cost of making and keeping 
the road in repair would be covered. 

1 have no moans of knowing the weight which actually passes between the Pro¬ 
vinces and Looiliana, en rottie to tlic Punjab, the Jullunder Dooab and Perotepore; 
but if Ordnance ahd Commissariat stores, ba^age of troops, and misceUaneoui articles 
lor Civil Establishments, arc taken into account, 1 conceive that on the average of 
years, the amount would not fall short of that indicated above. 

To this must be added many advantages, the money value of which cannot bu 
shewn i such as increased speed and regularity of the mails; the Absence of all obstruct 
lions to the movement of troops ; and the avoidance of the thousand annoyances, delays 
and injuricii which are now caused by a shower of rain. . • 

It is needless to dwell on the injury to the traffic *.nd general interests of tlio 
country by a state of things which Uiples the cost of carriage, and for four months in 
each year practically closes all comnninication above Kurimul and Seharnnpore. 

On the Trunk Boad, a )«ir of bullocks can wilh cose drag a ton of goods. Kven 
if, therefore, a toll of 5 ru]>ces was imposed on each cart drawn by two bullocks, the 
merchant anil public would gain 12 rupees In each ton of goods passing between Kuruou I 
and Loodionn. 
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TKAM HOAD AT AGH,V. 

Mr. Retd's H^port oh Tram Jlocd at JaM iOlk Uec^moef iSiG. 

Th^ OoT^rnm^nt Order of (ho 3rd June (816, received with the romini^gioner’s 
letter of the OUk idem, No. 321, desirca information on two points, vis., the expense 
and efticicncy of tlie Tram Read already constructed, and the cost at wLiclt such a 
road can be constructed. 

TJie length of the road already trammeil, or from near the eastern gate of Govern¬ 
ment House, through the Lolm-kec*muudcc to (he great Civil Jiinc road opposite 
Moosuffer Khan's Bagh, is 6,250 running feet, or about one mile and onC'Sixth. The 
width is 5 feet, i. e., 3 feet between (be trams and 2 feet for the stones, each ^tono 
or tram being I foot. The stones are laid on a foundation of hnck and incriHr,* f> 
Indus tliick, so as to prevent their ainking under heavy pressure. The spacca between 
the stones and the berms or side supports, are filled np with broketi brick and earth, 
well rammed down, with an upper coating of kunknr. Ihulcr the seams, or where 
two stones meet, sleepers (or transverse stones) are introduced, for some port of the 
way. • 

Tlie expense of the constmetion aggregah's Tls. 2(568, (or per mile 2,200 rupees,) 
rxelusi^e of tlic vahic of^onrlet labor and cost of knnkur. which may be safvly 
reckoned at 1,000 rupees, (I have ito means of asecriahung pnrticiilai?,) making a total 
of Rs. 3,568. 

A furtlicr sum of Rs. 705*1 l-U was, nndcr (•overnmeid sanction jf .Ird June 
last, laid out in dr^s, and in compensating paritca for hoiisea pulled < two, in order 
to obtain greater width of rood, and a direct line; hut tliis ought uoi lo be taken as 
An item of romhmokiug. • 

As lui expenmciit, I believe, this Tram Hoad lias met the o1*<cc l nf its constnTC* 
lion, viz., to make permanently easy, the passage of heavily ludo * earls over ah origi¬ 
nally heavy niul tortuous thorui^ghfnre. Tlic Unrrvewaus, who ought (o hu the best 
judges. And to wliom I have oAeii put llic rjuestion, hear (eslimony to the fnel, .ind 
their only regret seems to he, that the (ram has not been taken up to the Custom 
House,* where they nnluad their atrU. 

Vp to the present (ime, the rood hnr, notwithslandlng constant travelling on it 
day and by uiglil, stood very well with oecasioiml repair wherever the centre nnd 
&idos of the stuuc wen; cut up by wheels going olf (he tgpm. During the day, or 
when the drivers can see the track, cart 5 seldom or n^ver go off the slone. I nit at night 
when the stone eonnol he disthignlshed, this sometimes occurs, arid ruts nre formed. 
Tlie only preventive to this kind of straggling would be a stone or iron parapet or 
rail, about 6 inches high on the sides of the (ram, but this again is uUjcctioliable in 
some respects; for inslnnce, if in a train of salt or cotton carts, a front cart break 
down, it would be dinienli to remore it, to admit of the others progressing; or, when 
carts travelling counter-ways, come in contact with each other, there w'onlcl be a dead 
halt and much loss of time. At present, wUenever any obstruction occurs, the cayts 
go easily off the tram, and fall bark on U when the way is clear. Until wc can 
alford to have a double track, or to separate parallel trams, the best plan will he to 
keep the aides of the single track in repair with kunkur or gravel. Ten or fifteen 
prisoners, continuously kept on to look after ruts, would, 1 tidiik, be sufficient to 
maintain a mile io good order. 

* A duUnee ot 9,100 feei, or almit mile* 
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I now come to tbe ^QCfUon of the expense et which e Tram Boed cm be con- 
fltrueted. Bf this I sappose is meant a road of some length, say 10 or 20 miles. 
Now, it most be remembered that the expense of the line already constrocted, as pren 
aboTe, is not a fair criterion for other similar nndertakings $ becanse most of the 
Slone we hare used, was obtained, free of cost, from the Taj and other Nussool 
buildings near at hand. No more stone is arulable at these places, and therefore 
new stone must bo procured from the FutCehpore Sicri, or Jugnair quarries. Such 
stone cannot be got for less than 18 rupees a hundred maunds, (tahiug 1 mile with 
another) cut into blocks of the requisite sise, and thrown on the road to be trammed. 

A block measuring 1 bar, or 10 feet in length, ) j feet in width,* and 1 foot in 
thickness, 1 find weighs 18f maunds; two tucii blocks (for both trains) would weigh 
37} maunds, vlii^b is the quantity of stone required for every 10 feet of length. 
Then 37} maunds X Icngtiis, or 1 mile of 5,280 running feet « 19,800 maunds, 
which at the rate of 18 rupees per 100 maunds would cost Its. 3,5C1.t 

The expense of (he masonry bed of foundation would be Its. 528 $—thus, 
5,280 feet in length X width, and } foot in thickness or depth « G,G 00 

cubic feet, at 8 ru]>efs per 100 « Its. 528. 

The kunkur for the centre space and sido supports would cost Bs. 480 
thus, 10 feet long X 5} feet wide (3} feet for centre and I foot for either side,) and 
1 foot deep « 55 cubic feet, requiring 45 maunds.J At tliis rate, a length of 5,280 
feet would require 23,700 maunds (say 2,400 in round numbers) at 2 rupees per 100 
maunds « rupees 480. 

For earth-work, by hired laborers, implements, supervising establlsbment, &c^ I 
estimate 150 rupees a mile. 0 

On the above assumptions, the expense for every mile of road trammed, would 


be nipees 4,722f, vis. 

For Stone, •- •• •• •• •• — •• -- •• S,5G4 

„ Masonry bed, •• •• •• •• -- •• -- -- 528 

„ Kunknr, •- •• — •• •• •- •• -- -- 480 

„ Earth>work, &C., -- — -- •• -- -• •• 150 


Rupees 4,722 

For a line from Futtchpore Sicn or Jugnalr, where the stone is quarried, tbc expensfi^ 
might be somewhat reduced, supposing the road to be commenced from the quarries 
to Agra; but considerin^ll things I do not think it possible to make a good Tram 
Road of uniform construction from end to end, at an average cost of less than 4,500 
rupees. 

For the work already done, it is true we got some stone from the dilapidated 

Futtehpore buildings at an expense of 15 rupees per 100 maunds; but the blocks 

were not of one thickness, or width ; some were 10 inches thick, some a foot, and 

some on\j 8 inclies; and consequently, the tram cannot be of the same durability 

throughout * the thicker stone will resist the pressure better than the rest. In future 

operations, I would make all the pieces of stone used, exactly of tbc same dimensions. 

* I would bavo a less width for oa^ tram at least at bottom; tba surface mar he 1 foot. 

. t This would be the cost at Agra, mdudinf qoarrring and oonveriaoe: at the quarries i( would 
onlr bo 0 IS. 

t This I oaloiiUte thus: for a ptm^ns or measure of 0 eubie fbet we allow 7 maunds of oleatf 
kuulcur: tboo, if 0 feet give 7 maundi. 55 (bet will giro Mtly 45 mauada 
5 This CBti&ate U exclusive of draiaa, Mdgos, Ac. 
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Ko. II.^Notb by Mr. C. C. Jacksok, Mo$i»irete oiu/ CoiUelor ef Agra, 

Ths s<l7AntAgrs sttending the Tnin BoAd arc great in tli4neig1ibovrbood of a 
Urge city liVe Agra, where the ways are so contracted by horucs and ravines, u to 
compel the c;\rts always to follow in the same ruts; and I should on that accoiuit be 
^ad to see the present road continued to the Ciutom House, a disUnce of l| mile^ 
but the great expense attending its coostructibD will prevent, I iliink, its being con¬ 
tinued to any distance; Indeed, its advantages are trifling as regards the reduction 
of draft in a broad and generally hard road Ukc that to Fnttchpoor Sicri wlicre the 
carts can see their track; aod I am of opinion tliat the disunce might be laid down 
mi\i a single line of iron rail obtained from England at loss expense, for the support 
of which no masonry work would be required, and which would always keep the trains 
in their proper track. The diminution of the draft would alio soonfpay their expense, 
reduce tUa costs of carriage for salt and cotton, which come frotn tlio westward in 
large quantities to Agra, and afford an ample supply of stone from the quarries for 
building ptirpoies> « 


No. 111 .—Notx by Captacw J. H. OtOFiBto, Fxrculive ^apiMrer, lOlh Division, 
On the general question of Tram lUiads, 1 beg to subjoin the following memo¬ 
randum from my note book. 

** Adtaniagtt o/stone TVam Jtoads for aabwAi drojl. £xample,*»Coinmerclal Road, 
London. These stone, wheel tracks arc recommended by Stephenson, foreWics nud for 
all acclivities of more tlian 1 in 26, which itself is sufRcient to decrease :he power of 
draft by one-half.« On an acclivity of I in $ near Glasgow, a horse, the assist¬ 
ance of cast iron Tram Road, drew 3 tons in a cart weighing 9 cwt. with less diffi¬ 
culty than be previously drew 24 cwt. op the aame ascent on i caii'civsiy. Tlie stones 
recommended by Stephenson for this kind of road sliould be o' granite, basalt or 
other hard stone, liammrr dresMd, their si%e G* to 8'long in Hie direction of the 
track, 12* to 14* in depth, anc> 18* wide at bottom, and 12* at lop of wheel track. 
The Tram Roa<l should be laid to good concrete or marble masonry, with a good 
metalled horse track between the trixiis and on both sides of it, and even with it/' 
With rtgud to local circumstances, a Tram Road from the quarries at Futtchpoor 
^icri wOQld probably have a great effect in brining stone building into more general 
usage in Agra, and might even render it an article of commerce when once cheaply 
brought to the river side. * 
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STONE QUARRIES AND ROADS. 


Fhou F. U. Rodih^k, Eda.i Comtumioner 0 / Jgra y>i9»«ioM» tc J. Thornton* Eaa.* 
to Goft,, iV. JK Provinces, Judicial Vcpt., No, 2G, dated OtA Jultf f845. 

Sis, 

1 have tlie honor to luhmit* for the conaidmiion of Ills Honor the Licut-Gover- 
nor> such iiifonnation as 1 Itave been able to obtain on the subject of jour letter 
No. 4760 of lS4i, together with all the correspondence tlist lias taken place on the 
subject. 

2. —TVe must set out vitb allowing, that the ordinorj metalled roads of thecoiin- 
trj cannot benr the immense weight of tJie salt carts. This* experience has proved. 
The metoUed roads arc either uniformly destroyed by this trafRc, or the road u pro- 
sefved by excluding the traflic, and forcing it on a Une parallel or nearly parallel. 

3. ^Tlie accompanying map will shew at a glance the eounc of the traffic 
tlirongh my division* Che di/Terent lines of commercial intercourse are marked in 
yellow* and (he Uiisioms line by a brood red line. 

4. <^Tho line of traffic of most importance is that from Noh in the Dehlic terrb 
lory, which would at Koeee taltc up the large traffic between deblic, Muttra* and Agra; 
but the distance is too great for a first experiment* and there is an insnperuble difH- 
cnlty in procuring stone lit for a l>am Rood. The rocky htlli near Nob do not 
possess, 1 am given to understand* any known (quarries of suitable stone, and it is evi¬ 
dent, that wheresoever our road proceed it must begin at the 4(usrrics* and thus bo 
enabled by the facility of carriage to, ns it were, moke itself. 

3 ..«Tlkere arc two sets of quarries available; one at Roopboss, in tbe territories 
of the Rajah of Bhurtpoor ; the other at or uear our town of dugncrc, in pvrgunnah 
Sir) unde. . 

0 .—If the rood commence from Roopbass to Agra by the vhowkee of Biohpooric, 
it will, besides* fociUtnting the commerce in stone, and considcmbly lowering the pilcc 
of that useful article, at once become available for n great pari of tlie commerce in 
sugoi’, salt, and cotton, now moving on tlie many lines coin'crghig at Bichpooric. Tlie 
commerce on cuAtoniablc goods, which has parsed Bicbpourjc, amounts to tlic va) ucs 
shown in the annexed return. 

Uemoraudum of the trade, that hoe liOMcd the liichpoorie Chomket,/ro»a February XSli 

io FeftrHdry 



C<nT«>!f. 
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7.-^Thc (|\iarries st EoopLass belong to the lUjsli of BUiirtpoor. They fiirniih 
iwo kinds of stone, both good; but the grey stone is the best, and the red is some- 
whnt inferior and of a loose gTAiii. The pnee of the grey sloW at the quarries is 
13 Ri. per too maunds, which 1 found by actual measurement to represent Cb*48 cubic 
feet. The utual priee of this mass is 7 rupees; but in addition the Rajah takes a 
duty of Rs. and the Putwaroc 8 niin%s as his fee. Tliii ^rice of 7 vupoest 

represents the value of the stone quarried into any rectangular fonn. ** 

B.'^Tbe price of the red stone, is, for the same quantity 6 rupees, and the 
Government duty in addition is lU 4^), and the Futwarec*s R^e 8 annas; and 100 
ranunds contiun by measurement 45 cubic feet. The cost of carriage of 100 maunds 
weight to Agra, a distnnee of 33 miles, is on an average Bs. 20; to Muttra, distnneo 
3G miles, Ra 17; to Bindrabun, distance 11 miles, Ra 15; hqt the prices vary 
with the scardty or plenty of carriage. There are a greater niiml»er of reliirn carts 
passing to Muttra nnd Bindrabun than to Agm, and the rood is li&rder and better. 
Tiiii accounts for the cost being less for the lun;;er clistAiices. 

cart iiulen with 15 niaimds and drawn by two Imllncks will go tivo coss 
or 10 miles hi a day. A four-hullock cart will take 30 lUAunds, the same distance iu 
the same time; and an eighi*ballock eart, 60 mauuda. *l'his ti the greatest load ever 
taken; .'iO maunds is an usual load for an cigliUbullock huckerr. The abbve rates 
arc colculatcd for tolerably liard roaJs, but if uuy length of sniiJ iulervciic a cavt will 
barely make 3 coss in a day. 

10.—1 applied to the lUjuh of Bhurtpoor to inform me what quantity nf itono 
uAfl <pmrrjeJ in the course of tlic year, and wldther it was sent. The last question, ho 
cuuUi not answer, hut it appears that in 1252 Fiislce there were quarried *^ .05,000 
maunds of grey atone, and 1,40,000 uf red. 

n.—The Uajah expressed his readiness to allow the Brifisli Govcrnnicr*^ to take 
ns niiicli stone as they chose for tJir purpose of the road, duty free, but niNohof llie 
hcnctit of the road will be lost, os far os i^ie price of the stuue is cou^^enied, if tho 
){iij>\h |>ersist in levying the paesnit extravagant duly. 

12. -^Thc other set of quarries are sUunied nt Bbngour, Tautp^.or, Kuasuktar, 
Biisye and Jiignrre, (marked with an asterisk on the map,) and there are altogether 68 
quarries open. They fiirnisii both grey and retl stone, and the gr^y stone is very 
uuich superior lu that of the Roopbass quarries. 

13. —Tlic following table shows the result in cubic feet of the measurement of 
pieces of stone representing the rDAiind weight. 

Ji/wffour ijU(ft'rU'4 :— 

Mds. 

Red stone, •• iOl) llfP7 viibic feCt. 

Red only, •• lOU » 117*68. „ 

Grey ditto, •• ••• UH) ^ 91*5 „ 

Tift*llioor qmrrir4 :— ^ 

Red, .lOU — 125*4 „ 

Grey, .loo — 5 i17 „ 

M.—The price of tho stone at the qnarrlei Is jwr tOO maunds, re<l Rs. 5; grey 
Rs. 7: and the cost at Agra is, red Rs. 21 per JOO maunds, grey Rs. 23; tha 
carriage being 16 rupees per 100 maunds. 1 am informed that the Zemindar; hava 
got a monopoly of the carriage of the stone, and that this Is the principal source of 
their gains from^ie quarries. Tiicy allow no one to work the quarries who does not 
employ their carringe, • * 
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lO.-^Tbe Zemiadnrs levy a cett of 4 annu per adxe on the mineri, who work 
the qoftmM, end the coUeciione made in this iashioa, are stated bj the Putwariea to 
be as follows: 

1,24D 1»2S0 1,251 

44,182 mdi. 9 Rs.; 40,269 mds. 90 ; 45,209 mdi. 201 Rs.; but this account U 

evvOently as far as tho amount of dutj goes, unworthj of credit. In some years in lieu 
of a cess the Zemindars take stone of the amount, of which no account is submitted# 
the Tram Road be made from the quarries of Jugnere to Agra, it will 
probably run through or near the Customs post of Mulpoorahi 1 therefore insert an 
account of the trade of that chowkee. 


Afe»or<?n</N«i o/the if tide, that has passed tile Mulpoorah ChotDh$f,/r9m 

f'eCruary 1844 to April 1845. 
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M. C. UICKIE, 

Deputy CotUetor, 

17.—1 am clearly in favor of the road being made from our own quarries of 
Jugnere# We have a better stone—a cheaper stone. We have no oppressive tax on 
the commodity as In Bhurtpoor. It is true, that there does not run so great a traffic 
on the Jugnere and Mulpoorah line, as on the Bhurtpoor and Bichpoorco lino. But 
I confess 1 look more in the first4nstance tp the fadJity of getting the stone and the 
lowering its price than to the conveyance of goods. That is to say in the commence- 
nent let us get a good supply of cheap stone, and let tlie pracUcability of the Tram 
Road be proved, and we may then run a road from Agra to l)ebUe, which will bo a 
real benefit to the commerce of the country. Tim first point is to get a cheap supply 
of stone to Agra, and it il dear that for t^ purpose Jugnere will suit us better than 
Roopbasi# ^ 
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18.—There ii but one thing more thet I with to ollude to : thi^ ifl the neeeieity 
of hitting on some contriTonce by which the cittle which drew the eerteof the coun* 
try tney be node artiiable fortfbe Trem Bead, by the netlYe mode the cattle work 
In the tremt. and Che imoothneee which lacilltatei the propulsion of the cart inter¬ 
feres with uxd almost renders nugatory the muscalar action of the bullocks. 

21.** If lueeessful, besides the advantage of the road for traffic, we shall, as it 
were, have brought the quarries to the banka of the Jumna; and 1 bavp no doubt 
that the stone will be sold as cheaply at Allahabad as it is now at Agra. 

P2.**l regret that the information which I hare been able to supply has been SO 
scanty, and hare the honor to submit all the correspondence that has passed* 
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EOAD-MAKING IN THE HILLS. 


I 

Ko. I.— d<ntH Ml JOB J. P. Kmm>T, /oi* pvkfauctf a// 

pertOKJ engaged t» eciulr%cti9g tk^ road/r<m Kaiica, iArcagh SMa, to AvAavur 

ofw/ Tkihtt, 

f 

Ereiy roAtl should bftve >U line u level, end iu lar^kce ti herd, smooili end 
non-elutic, aa drcumilances under tltc most scientifio maoegement will allow. 

The subject of road>makiDg map be divided into two general branches s— 
laying out of the line. 

Pecoad.—The construction of the road. 

UiYINO OUT Of TlfE LINE. 

‘Wiicn the grave charge of iiutiating the iDprovenient of a district of country^ 
by the construction of roads, is committed to a man of judgment, his first care will 
bo to consider the features of the country, not only within bis immediate citato, 
but far beyond those 1imifs« 

He should divide bis r^iad projects into three distinct classes. Tlic first and 
most im|iortaul containing the lines of general intercourse; tlie second containing 
the roads for merely local objects, and communicating with those of the first class; 
and the third coiiuiiiing tlie farm roads communicating with those of the second 
and first, lie should not, upon any account, ]iermit the perfection of his ronOa 
of the first class to be in the slightest degree injured for the hem fit of those of the 
second or third classes. His great lines of intercourse must be laid out solely willi 
reference to the general levels of the country, and to tiie permanent markets, to 
which jiroduccrs may< afterwards have to convey their goods. If he think only of 
Ilia own little district nt this point of his ojierations, he will materially Injure it, 
IIS in that case his general lines will probably nut be such as to invite general traflic, 
and the mcmantile interests of his district will be proportionally impeded. The 
co-operation of the circumjacent neighbourhood is essential to the im]»rovcment 
of any given sjiot of country, and must he earnestly «ought for. Keeping (heso 
eonsideratioDS constantly in view, we may now proceed to the rules applicable to 
nil branches of laying out, vis 

Irf.—That the line must never rise or fall uimecesserilyi it must go round, or 
cut through impediments. 

TJiftt the cjuanrity of ascent or descent, when such is unavoidable, should 
be divided uniformly over ns long n distance of the line as tlic nature of the groiiml 
will permit, and thus the incUuation at each particular part wdl be reduced to the 
smallest possible rate. * 

Wc should recollect that the loads carried along roads must be small in propor¬ 
tion as the inclinaUon of the hills is great; that the steepest hill, in fact, regulates 
the load. 

Wc nuisl vcver forget in laying ont > line of ro»d, that on an inclined plane or 
hill, of wliicli the iiitrace ia hard and gmootli, when any power hold* a heavy body in 
cpiilibrium, the power exerted will <iato the »amc i.roportion to the weight ai the 
height of tiie plane or lull bean to iU Icngtl.; and aecondly, tliat whilst the effect of 
the load increases, tlie power of the animal employed to draw it diminUhet in 

Vropo'rliou as the degree of inrliiiaiton incicatc,. These two facts should never he 
nbaent from the road-maker's mind* 
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When this subject is fully andentood, it will be e?idcni thit the igTiorance of r 
person who undertakes to lay out a road may, and rery often doesi make the trails* 
port of commodities amount to many times what it iliould cost. There is little 
doubt that the greater number of the hills we generally find on roads might bare 
been mthcr wholly aroided, or their inclination eery much diminished* by judicious 
laying out; aud rhe greatest evil is, tliat the.puly imv remedy for such blunders Is 
to make a »w piece of road where they exist* and if they arc numerousi to change the 
entire line. The common mode of correction is to cut Uo^vn in some degree the hill* 
and to fill up a little ti^ hollow; but this method rarely reduces the inclination as 
low as the natural leaiures of the ground would allow; and it generally costs much 
more than would be ncccsaary to put tlie road in its right place by laying it out afresh. 

The correction of hills on old roads has been alluded to here, (o show the 
importance of extreme accuracy and sound principles in selecting nn ori^nal line. 
J^lvery Supcrintcjident will now understand that if an error be mode* it cannot be 
thoroughly remedied without abandoning that portion of the road where it exists* 
and taking up a new line* (hereby losing the capital already Inmtcd* and injuring 
the speculators whom the road may hare brought tlierc; but if there be an error of 
construction* as for instance* the use of soft materials instead of hard, or the like* 
all this can be set right without abandoning the old line. The power of gotting 
level roods by cutting through hills and filling it|> hollows it not disputed; and in 
laying out a line of railroad this method miut be adopted* becauHe tlie velocity of 
the stenm^earringc will not allow of such rapid curves as a road must take wiiich 
fuUoua tiie natural inflexions of our hilU; but tho expense of such cuttings and 
embankments Is so cnonnons, that to think of them for the ordinary roads would Ivo 
quite out of the question. Our necessities frequently require that farm roa ^s should 
be made, that roads for approocUing minor villages, &c. should be made and tlmt 
extensive districts of almost unexplored countries should be intersected h;. numerous 
lines of genera! communication. If a costly kind of romi be attempted lu such chscs* 
tlic necessary results cannot possibly Ik* produced* because Uio socessary fin ids 
could not be provided; still It is essential tliat os accurate a regard should be paid 
to their laying out, as if they were to l>e immediately constrin'ceil on the most 
perfect models, and that the levels l>o the very best that tiie natiiro of the country 
will admit of. Wc must provide from llic coiniuencement that cvviy successive 
operation sliall tend to bring them ultimately to a state of the very highest perfection* 
and that nothing shall ever have to Ik: undone. « 

Folse ideas of economy and iu.*idvertciicc frequently lead to the employment of 
men who do not uiiderstaud the principles of these essential operations* although 
tiiey attempt to execute them, and bence the eternal toiling up and down hill to 
which they, th^r neighbours* tlie public, and future generations ore condemned. 
Most amateur artists are timc-killcni and money*wasters, but of all the r.motcnrs in 
the world, the rood-maker is the most mischievous; there is no method of avoiding 
Ills ingenious contrivances to harass tho weary traveller and reduce the profits of 

industry. » 

The first thing to be done, when it is determined to open a road between any 
two points* if they be distant, is to get the maps of the adjacent country, and to 
become thoroughly acquainted with every inch of the intervening ground in all 
directions* particularly the course of rivers. 

If it be a hilly country* the greatest possible attention must bo given io cliooie 
the most convcnicDt passes of mounlaios with reference to their height, and the 
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highest pusei of Tft!le^8» which in wM cuts, mast be considered as obligatory pointi 
of the line. The selection of these, therefore, is to be considered the first and most 
Important point of Isying out, and nothing short ,of wuitAematical proo/ of their 
superiority to all other points ought to satisfy the Superintendent that he has 
selected the right points* 

It is much to be regretted that the Surv^ Department of India has not furnished 
the public with that most important class of information, a contour dslineation of 
the hills ( the want of which must be remedied by increased industry in all those 
who are engaged examining the country with a view to the selection of the line. 

The most disadvantageous circumstances under which it can be required to lay 
out a line of road is, where the direction runs at right angles across a line of hills, 
to the passes of which there are no convenieut approaches by means of under-features; 
this obliges us to resort, to the expedient of sig-sags. There is no difficulty in 
Igying out such a road to any required degree of inclination; but when done, it is 
always dangerous, as it is notpoiaible to avoid very acute angles, which, on a declivity, 
are most objectionable. If an animal run away with a carriage in descending 
such a road, the first turn he roaches will probably finish the mortal career of the 
whole party. 

The rule in such a case must bo, to make as few turns u possible; and in 
general, there need not be more than one on each aide of\he mountain. 

Having obtained a knowledge of the relative heights, as above described, both 
from maps, and by taking lines of section with the level, and having thus selected 
all obligatory points, we may now proceed to the operation of marking out the exact 
line between all the points thus selected. Tliis is done by fising up pickets irith 
fiagf attached, in the required slojie, by means of eitlier the pUimmet-level or a spirit- 
level, having a graduated vertical limb. These flag-pickcts moy be placed at intervals 
of about one hundred yards, more or less, according to the bends in tbe hills, taking 
care that one is put at every projecting and every retiring onglo of the ground, and 
that from each picket the one on either side Is distinctly visible. We proceed tiius 
until the whole line is picketed off, observing to correct this line if requisite; and 
it rarely happens that the pickets can be placed ]>recisely in tlieir right permanent 
|K)sition at tlie first trial. 

Haring got the long pickets accurately placcil, the ground should be distinctly 
marked at each picket by cutting across, or some other convenient sign; and tbe 
second operation must be convnenced by placing short pickets with the boning rods 
at intervals of about eight yards between tbe long pickets. 

Third operation. Haring placed the short pickets, long lines are then Irid to 
the foot of the pickets, taking care that the linos ran round all obstacles, and not 
over them. When these lines are fixed, some expert laborsrs,4lcuatonied to the 
work, may be placed to cut oat the lock-spitting exactly to thieved of the line. 

This operation should be done with great secnrscy, that there may be no neces¬ 
sity for correction afterwards, and handy men, accostomed to the work, should be 
employed in lifting the lines and laying them again, as the lock-spit cutters proceed. 
This lock-spitted line bring the sole regulator of the levels, mast be examined, and 
re-examined to aMtrtain that in every part it has been accurately cut. Tbe person 
charged with each a work must not spare himself at this point upon any account. 
Let him then, bring every one whose opinion is worth having in the neighbourhood, 
to visit and criticise what he has done; let him reflect that, by any idleness or stupi¬ 
dity on hii part, he pssses sentence upon coantless generations to suffer ineonveni- 
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cnee end unncceflurj toil for hia omiuions. Hie lodc^rpitted line, when completed, 
is not to be considered 48 tnj thing but 4 gtoge for the genera) lerel of the tnrfice 
of the road. It ii not the centre, ta acme luppoce, althoug)}, upon a general pnn* 
ciple, the nearer the centre line cornea to it, the chc^er will be the forming of the 
road, and the more we diverge from it, the more coatlj It will be where the featnrea 
of the country are of a htUj character. « 

With the completion of the above deacribed loclc-apitted marV, neatly cut along 
the whole length of the projected road, we ah all consider the bueineu of laying out 
the line to have been executed; and in order the more clearly to aeparate tliia moat 
important operation from all others, we aball consider the anbsequent picketing, rut« 
tinge and marking off the detidU, at appertaining to the subject of construction. 

The average coil of cutting this gauge^lme or lock-spit, independent of the pre¬ 
paratory surveying and superintendence, ought not to exceed four or five ahilUnga per 
statute mile,that is to say, for the actual pay of the laborers employed to cxeSRts 
it; and when completed, it ought to exhibit s perfect level or a pe^ectly uniform 
incline, between every two of the obligatory or main points, and following every hori- 
sontal inflexion of the ground, it ought to stand the test of any instrument, and ba 
pleasing to the eye. Tbe want of accuracy in the lay mg out of public undertakings, 
is the source of that constant doing and undoing, or playing at blind-man’s buff with 
the work, which we so of&n see; doubling or quadrupling tlic proper cost, and leaving 
most diBcredifable results. Th^bonozny and perfection of the work vrill be in pro¬ 
portion to the judgment and accuracy applied in the laying out and making of this 
gauge-line, as it gives na tbe key by which to regulate with the utmost precision, 
every subsequent effort of every laborer we employ, and to point out fvhere every 
spadeful of excavaUon is to be dug, and permanently deposited with ^he smallest 
amount of exertion. M'e shall next proceed to tbe stibject of 

COKSTRUenOH. 

As soon as the lock-spitted gauge-lino iliall have been well c< nsidered and cri- 
ticlscd, and all necessary co^re^tions completed, it may be widened into a O-fect track. 
The next operation is to fix the pickets for tbe centre of tbe road. 

This will regulate first the cost, and second, the appearance of the work when 
complete. We must avoid objectionably sharp turns; but we must also studiously 
avoid heavy cuttings and fillings, and we must make our curves regular. These threo 
points can generally be combined; and they must be combined, otherwise, tbe Super¬ 
intendent cannot be qualified for Lis charge, lie should never have his eye off the 
gauge-line, and as each jiickct is placed, it should 1>e accompanied with amenta! calcu¬ 
lation as to the quonUty of cutting and filling, and consequent cost it will require 
to bring the ro^at that point to its proper width, and to the level of the gauge or 
lock-spit. Ue W1 boar in miud that as often as he can place a picket exactly at tha 
lock-spit, without miHopng on a principle, he should do so, as then tlie formingof 
the road wUrcost the least possible sum; unless when he has to deal with rock which 
requires blasting. lie mult at all times think of hii finances, taking pare that tha 
amount of money or labor estimaUd for the work shall be wade to complete it, and he 
will be justly culpable if it fall short, as this consequence is very rarely attributable 
to any other cause than unfitness in tha Superintendent. The wrong placing of a 
few pickets may causes piece of work to cost double or tenfold, nay, a hundred times 
more thanU should cost; and it is clear that the mao who can perform th( most 
perfect work at tbs cheapest rate, must at all times earn character b proportion. It 
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18 tndQtii tlifti th«ve may be » very great variety of eiimt made for rounding off the 
HJigle yfhich the lock*apilted gauge-line forma in passing a valley or ravinc> and that 
tlie more the curve is canieU out from the angle, the'better will be that particular 
jiort of the road, but it mu^t be recollected that the slight improvement thus effected 
on one Sj>ot/ is attended irith most disproportionate cost; and, if a man deficient in 
judgment be placed in dircclion of sneU works, he may use very fine arguments as to 
the utility of gradual curves, and the like, but the result will be, tiiat instead of suc¬ 
ceeding to fulfil tlte object of his employer, by opening in its full length a useful line 
of inirrcourie, he will find all his money expended ou two or three fantastical embank¬ 
ments. lie will leave the district as closely sealed up os he found it, and his employer 
will be justly disgusted with atich costly enterprises. If he desire to serve bimsetf, 
and to be useful to his neighbours, he will follow, as nearly u possible, the natural 
features of the ground; unless wheu there is tho most indisputable reason against 
thii; and keeping a wateJiful eye upon the money chest, he will never sacrifice tlie 
general result to any chimera whatever. This cutting oud bonking mania is the gBOnd 
source of wastcrul expenditure in the construction of our roads. 

If, instead of going uniformly along the sida of a hill, and making our rood with 
the Tninimum of cutting and <illing,--'ir, instead of this, wc seek to torture it into 
RtriCght lines, still kcr jiiug to certain predctcrmiiicd levels, the line of rood must be 
a succession of deep cuttings and high embankments j cosily at first, and costly to 
the lost, from their liability to dilapidation. 9 

As soon as tlie centre lino shoU have been cautiously picketed out, all the side 
lines must be measured from it and distinctly rutted out upon the ground, taking care 
to lift the several shearsods. These lines will show the verges of the road, the inside 
and outside of tho fences when such arc xnnde on the road, and the width of tho water- 
tables, as well os the position of thecntdi-water drains. Accurate Coiiw/fs must bo 
put in ot every picket in the centre line, which will thus be level with the opposite 
points of the lock-spit gauge, and a cgpcct longitudinal section must be mode up 
between these pickets. 

Cross section lines should likewise be mode up to the inlcndcd level of the road 
at every 100 yards, showing the precise fall that the road is to have from the centre 
to each side, when formed. But in making up longitudinol and transverse sections, 
it is necessary to observe whether the soil be of such a nature us to answer for the 
soiling, or whether it be of so defective a quality as to rc<|iiire asuperstrutnm to pre¬ 
pare it to receive tho broken atones or surface gravel; and a eorropoiiding distinction 
should be made os to the height to which the section lines should be raised in differ¬ 
ent places. If the natural soil be of the right quality for soiling a rood, it would be 
an unpardoiiublc waste to require (Ixat more of the same description of material should 
be excavated elsewhere and brought upon it, although we have kfifjh such surqiris- 
ing extravagance set forth in specifications. The cross-slope givw to a road should 
vary according to ciremns I Alices. If its maintenance and repair be corefidly provided 
for, on level ground a fall of one in twenty-four from the centre of tho sides will be 
flufKcicnt. li there be any doubt as to the future care, the best precauUon is, to 
increase tlie cross-slope os a security against surface water, and in all cases it is well to 
moke the cross-slope somewhat greater on declivities than on the level ground, iu order 
that tlic path of all surface waters may be directed in tlie shortest lines to the water- 
tables; under these different circumstances, the cross-slopes may be made to vary from 
one in twenty-four to one in twelve, and they fhould be accurately proved by tbs 
section level. 
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It 10 well to know Uiat 0ome authoritie0 on thU siibjeet btve recommended the 
€ros0-0lopc of roEtU on declivitjei to rnu the whole way from the outside verge to the 
inetde, whilit others MWise ju^ the re?cr8e»and not from the centre to each side. The 
citief object of the first recommeudation is, to prevent the corrosion of' the outside 
verge by the surface water, and that of the second to prevent any accumulation of 
water in the water tables, but they both apHfar to be most objectionable in j»raclice» 
as they necessarily throw every carriage off its lovch mid bring an uuequal portion of 
the load on tlie wliecfs of one side. They also give s longer run to the siirfAcc waters 
on the road. Ko professional man sliould permit so serious an inconvenicnco to be 
inflicted on the public. Ilis ingcmiity ouglkt to provide a remedy of a different kind* 
As soon as the longitudinal and cross sections liave Ucn made up to the right level, 
the work may be considered in a state to employ large funning parties, who after 
this preparation, can scarcely coldiuU errors, if there be any degree of activity iu tlio 
overseers. ^ 

When the road is constructed upon level ground, it is desirable to make two side 
fences with water«tables outside of these; when it is on ilujiuig ground, one side fence 
will sufiice, the cut face of the honk forms the otlier. 

It is evident that on sloping ground, the Superintendent, who desires to execute 
his work with economy, must use every exertion to provide that the quantity of cut* 
ting shall, as nearly as possible, agree with the amount required for fdUtig, that he 
may not ho obliged to carry nintcllals either to or from the place where ho works. 

Tiic Dmte rials used for fences, retaining embank men is, Sic., will dcpciul upon the 
nature of the soil in a great measure; and tlie best proof of skill, in this or any othcir 
art, is the power of making the must possible out of the circumstances U whicli we 
are placed. The man who cannot sujiply liiiDscIf from his own vicinit) would fail, 
if he had Guernsey granite and mines of gold at every perch of his ]>rogivis. When 
the soil is stony the fences ami faces of cm bank oi cuts would natnmlly made of this 
material, and, when built dry, they should b^e a slope of oiic-fonrfh of ilrir height. 
Jf sod work be used, llie slopp should be increased to one-third • * llie lieiglit, and 
when A hank of earth or otlier material is faced without being supported, the sIojm 
will depend on the qnalily of the soil, olisc^rvlug tog^vc the greatest slope to the most 
friable soil, and it is for the Superintendent to observe tlic natural slope at which 
each kind of earth will continue, best soil that we can mi'ct with in construct* 
lug roads 18 gravel; lieenusCjtn the first place, it has natural drainage; secondly, when 
the road lias been formed iu such a soil, it is both soled and metalled unless tho 
traffic be of a very heavy description. 

In making a rood through any Spongy or soft soil, it is well to let the work 
season after the j^ncral drainage and forming have been effected before proceeding 
further. WbeiBbibankmcnts arc filled up. a considerable allowance must be made 
for sinking, and after allowing them to season, they should be agaiji levelled up. 
If these points bo not attended to, or if the work be hurried over, it will look well 
at first, but afterwards it will show many iuequaUties and defects that might have 
been avoided. 

The liberal use of a heavy roller Is an cxccllcrft way of cousolidaring the siftfaco 
of a new road, preparatory to opening it to I fie public, and the difference in the 
quality of botli gravel and stones should be well understood by every road super¬ 
intendent. Some stones can be broken with more profit to the workmen at one anna 
per ton, than others at six annu, and where heavy carrisges are in use, the low 
priced itoue iS| in general, the more costly in the end, Wc must recollect that the 
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price of breaking the etone forms bnt r portion of the eoit of metaUing a road, and 
the most durable matcnal to be bad tiitbin uij radonal limit, as to cost, is at all 
times the most desirable. Contracts for stoning, therefore, shoold always specify 
the preciae kind of stones required, and from what quarries they are to be taken; 
and no one can be considered properly qualified for auperintending such works as we 
are now considering, unless be hare acquired a thorough knowledge of the several 
varieties of rock common in the country, with the diiferent qualities and properUer 
peculiar to each. 

'When we estimate the cost of a new road, we should divide the whole into three 
very distinct general heads. The first may include all the expenses of surveying, 
laying out, forming, draining, fenring, soling, gravelling, and all else preparatory for 
the stoning. The second head should show the cost of the stoning or metalling, and 
should detail nunutely the quality of the stones required, and the quantity per 
perch; allowing a larger dimension to the broken stones in the bottom, and a small 
dimension at the surface. The third, the coat of the masonry, bridges, pipes and 
tunnels if any. 

It is extremely essential to separate thus the great heads of expense, in order to 
enable aft ptttou to understand the way in which the total cost is made up on differ* 
ent de8crij»t:ons of work, and, as it were, to get rid of that professional mystery which 
H gononiUy made to envelope every thing relating to the expenditure of money. 

Ti)e details here iucludcd under the first headmre such as ore required, with but 
little Toriety as to their application, In all projects for new roads, and tUeir cost may 
be made to vary from lUO to €00 rupees a mile, according to the peculiarities of soil 
In which wc arc working. The second head, or metalling, may be either wholly 
omitted in certain cases, or it may be adopted lo any degree that the circuiustAnccs 
render necessary. For instance, three tons of tender stone, at one or two antmi a ton, 
may he thought Applicable for the exigencies of one case, when In another it might be 
)ndi9|>en8aljle to apply twelve tons to perch of the hardest atone to be bad, at u 
east of perhaps six or eight anqas per ton; thus making the rate for tins branch of 
cost vary, from three or four annas, to 100 annas tho perch, according to the means 
applicable for tho construction, and the ioteiuity of the iralfie to be expected. The 
third general head, including pi|>es und masonry, is also capable of bring effected in 
various degrees of excellence, and at proporti Aal rates of cost, which can only be 
regulated by comparing the necessity of the work with the funds applicable for its 
construction. 


No. Ih-^UinUotlm ond Thibet Hood,-dilutee /or Sttperintendenie, Orerserrs, ^•c. 

Officers employed on the survey of the line are to send in repoflk of their obser¬ 
vations, at least once a week, addressed to Major Kennedy at Simla: these reports 
to be accompanied by sketch plans and sections. Tlie plans to be on a scale of two 
inches to one nulo. The section borixontal scale to be likewise two inrixes to one 
mile, and the vertical Section 200 feet to one inch. 

2. —The maximum incline is* not to exceed 3 in 100 or 1 in 33}; and every 
exertion must be made to keep the inelines as much as possible below ibis maximum. 

3. —The whole line is divided into Superin ten dent*! divisions, and each division 
to be deiignatrd by a letter. 

4. —The point from which all measurements are to be taken U marked by a 
picket sunk opposite Mr. VivUa's house in the Simla baser. 
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5. —The Ui dmsioD, commenciDg loutlkwvd, is denominated the A, or Krole 
division; the 2nd B, or Simla division; the Std C, or MahaMOO division; the 4th 
T), or Mattiana division; tbe|5th £, or Kotegnrh dtviaion; the 6th F, or Teranda 
division; the 7th G, or Chini division; and so on to the eod of the line northward. 

6 . *»AU rvpjrts to be made on foolscap paper, and marked at the head of 
the report with the divisional letter, to v^ich the portion of the line it refers 
belongs, as well as the territorj. It will be folded in four, and docketed on the back 
hy the Officer who sends it, vnth the divisional letter and the substance of the report. 

7*-~All OtKcers will be expected to keep copies of thw reports, plans and sec¬ 
tions, for the convenience of future reference. 

S.*»AI1 Officers employed in sarveying the line, as well as Officers in charge of 
divisions, and Overseers in charge of sections, and also Assistant Overseers will be 
re«]uired to make themselves thoroughly ac4|uainted with the printed paper contain¬ 
ing the ** Principles of laying out and constructing the works,*' that a uniform 
practice may obtain throughout. 

9.«The working parties are to be kept under the superintendence of their 
respective mates; and each Sapper Overseer is to be appointed to his distinct and 
separate charge, consisting of one or more mate's parGcs, according to the strength 
of the whole party as shewn in the following table: 

Composition of an Orerseer*# party for f Ticoor more Omrseere'sec/mae/oconaft- 
worAiftff a teotion of iO lai/ce of ths tine, \ Me a Sttpertniemli/iff Ofieer*t dUt/iei. 


tMfPM- 


^ I 


P M 


Uatioi ass Lasusbaii. 


ir<jrtl»0 

Jfrgr- 


J><^ fhptt 
/UftS. 


5 » 



e{i 



»r 

tn 

SI 

SP 

Si 


s(i s 

“ l J s 


T^la enmitmJMon Of tbe 
' «ort Ills twrtlui« ni onUjU) OM 

Mpjier Ui lUnillih 

(KenK'OTk Ci.r irn MvbdAnn. 
IWdllMI *tfKr All«MtSS> SlICA. 
Ufii4»u* Ibu p oww M «l^ 
eilMwilT noCv itan 


Unilftbe niwki iiwnia we 
fid ihi iiO-kno* Bhesiiw 
usrb Bisn’s workine si^una 
must be plaecd wlivn umMim 
iQ el^i orcTAVtiMiereurAru 
AWV «•*•! la rvok it two 

nfSi AM^ 

A VM*/ woffeinit Is rfssWi 
a<n« wuuJd UiQA cover 
wwdn of Jt Bile U) Mv. or 
About isiUe la ttjtJc work. WM 
It Ia proWlile Ibel Um denbte 
tbree would is tbe am ovof^ 
tbsi bo Uttar Bokml AAer 
tbia a BMn oxtnBvo sorte* 
WnrbliM <Htf tou blvItiLM M 
dembw nrea «oh 14 ilw u 
40i» Bbo m e. Wmd |bA 
wtdoAlai of tbe md tolti rail 
Aitoot ooBsiimeoii. woU buds' 
\tm. nc., tlMB the lArtar tbrosa 
ttoyboBAllodtniriUi uuSt. 

Ono of Uo AHlotaul uref. 
ooon ibeuU otwsnba sisloor. 


is 
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10. -^Buring the-rftuiy senson the working lioors mast depend upon the weatheri 
the Overseers using th«r discretion ss to the hoars for menls. Wlien the weather 
liowever is fine, every party mast be at work at <i o*c)ock a. ii,, the dinner hours to 
be Irotn 11 tiU I, and to leave olT work at fi r. h. 

11 . —As miicli waste of time occurs in miistering large parties of laborers, when 
this not done with care, the Overseers ar^required to put the men at once to work under 
their respective mates, at the established hour for commencing. The chief Overseer 
will then immediately go round, and muster each mate's party separately, noticing 
the ahscntecs. Titus only one mate's party at a time will be diverted from work for 
Uuj object. 

12. —A daily report in the following form will be sent from racli party, showing 
the number of those present, and the quantity of work done during the day, as well 
as* the tulal number of days’ work from the commeucemeut, aud the total work done 
in the section. 


jS'ec//oa Divinon Jload Pepori^ tfa»f o/ 1850. 

* (Territory tf) 



ft 

ft 

% 

£*- 

1 

W 

2 

1- 

;3 

• 

i 

• 

\ 

t 
• % 

■? 

3 

I 

J 

hi, 


1 •wfi’ 1 

? 

< 

4 

.O 

Road opcmeo 

*fN YARDS. 

nSMARKa. 

•ft 

> 

W> 

1 

S" 

8 

“ft 

S 

05 

Total brought forward 
from eoinmenccuicnt of 
work, •- 

On day of 1850, 

1 

1 

1 

% 

1 

1 

1 


1 





1 

1 

1 

Total, •• 







1 






Examined,- — ' * 

In charge of DivUicn, Overseer in charge cf Section, 


These reports will shew the mileage cost in labor at which each Overseer is per* 
forming his work, and will afford a good comparative scale of tho value of each Over¬ 
seer^ and the names of thoae whose efforts prove them to be most deserving, will bo 
forwarded for the favorable consideration of Government. 

13.—Before the parties are dismissed in the evening, * eveiy mate mast be 
informed of the precise point where his squad is to assemble on the follomng morning. 

The distribution of tho men, hy assigning to each a regular portion of work, 
marked off liy pickets, aud sufficient to occupy him for the day, is the most important 
duty of the Overseer and his Assistants. By this method a lair principle of task work 
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can be establisbed; and tbm b nG other remed/ agamat idleneia, and consequent 
waste of the pnblic reao'irrea. The omiMion of ibis practice frcqoently makes public 
works coat from 10 to 20 tim|S the proper amount, and every Superintendent ond 
Oferaeer employed in the present works, will be held strictly responsible fer the exceu- 
tion of thia essrutial rule. 

14. —The brcftkiiig of tools b entirely att^bntable to the rarclessneaa of tlie Super- 
iniendenta and Ov< rseers, by allowing the weaker tools to be applied to the work of 
stronger ones. The pickaxe and the boe are frequrntly destroyed by attempting to 
remove 1iea>7 stones with tbcm} a labor which ought to be reserved for the crowbar, 
the sledge and wedge. 

15. —Tlio preseut deficiency of crowbars, sledges, mining tools, &c., will gradually 

be remedied. In the meantime. Overseers must employ tlie weak tools at the cUy and 
gravtUy portions of the work, where, afWr a O-feet track has been completed, w*itii 
convenient )uusmg places 12 feet wide, the width of the road may then be generally 
increased to 12 fret, with passing ]daecs of feet wide at sabent, and re>cntcring angles 
of the ground, and at other convenient places. , 

IG.—The ultimate width of the road may be considered at 18 feet throughout, 
with the exception of difficult cUtTs, where the vvidtb oCl2 feet will surface. In every 
part of the rood, a retaining wall, on the side of the precipice, will be requisite to 
completion, with a jiarapef raised two feet three inches above the vasd level. Small 
weep holes, four inches square, to be constructed under ilic pamjicl, for the escape of 
the surfaeo water, at every 50 feet. 

17.^At every re-entering angle of the ground, and at distances not exceeding 
100 yards, substantial cross drains must be made under the road, of ain.dodunen- 
signs, to carry olTall the water tliat can be expected in the heaviest rains and in no 
case, are these drains to be of imsller dimensions than four /ecthigh on the oiilside, 
and two feet wide, which is suffietent to admit a man to clean or rep lir them. 

Ig.^CSrcat care must l>e taken in prtTsring sound foundations fr.r all walls which, 
when bniU dr}% as retaining walls on the outside or preripice, sho: id liavc a slope of 
onc-fniirth of tluir height, and a thiekiiess, at their foundation not less than one-fourth 
of (ho licighr, plus two feet sis inches. Tliess rciaining walls it is not desirable to 
make generally uiorc tlnn four feet high, exclusive of|)ampc(a, althongb many emcr^ 
gencics will render much higher walls occasionally requisite. 

iq._ ixi opening (he first 5-rect track, where very difficult cli/fs occur in the lino, 

tetnpornry tracks may be made either above or below the proper level, os the nature 
of the case may permit, taking care, after passing the obstacle, immediately to regain 
the pro)ivr level. 13y this incmis on immediate passage cau be obtained long be lore 
the pennenent passage could be mode in its proper posiUon. And it is dvsirahle that 
such temporary passages should be above rather than below the proper level, berause, 
in that case, the progress of tiie ]>ermAnent track in its proper position along the cliff, 
will not be impeded by persons passing on the temporary track. Tlicse temporary 
tracks should he suitable for tlie passage of mules, and they may, in many cases, be 
made to occupy citber tlie brow of the cliff, which shall ultimately be trorked down 
to the road Icveh ihe foundatioo of a wall to be HUbsequeotly built up to that l^veh 
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No. in.—Xa6of Work* Dtpartmtni, 


Mtciim Diviiim, 

m9ntA ^ 


HitdHUA 

IWO. 


TUNf tot^ Uhorf9rlk4 



We, (he QBdcrtif Bed. henb^ eertlfy that the peeenu 1 ecntff that I hare paJd to the MTfnl ladlTi* 

ahore Mated have been prcagat at wk foe the tiae ^ael. doale abere.aaaad tba eiiBe o py o al te tbdr oamee. 

6<d oppoelto tbdr reepectlre samea. • jeeemafMT* Fep 

We eertUy (bat kh e aevaral LodSeidul* in the above 
IM vara paid the ease oppeelte tbetr umae tn our 
pcce aoea by Mr. n . 


Onemtr fa dkarft ^ Bt etim . 


Ottneer 


Snptriuttnimt to dkvfi 


Bmftnnlfndfnlin ehtri* Diotfipn Wnt. 
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FORM OF REQUlSmOS FOR TOOLS AND MATERIALS. 


1 


Required fur uae Rt the Toiinei on the IlindoetAn and Tliibet Road :• 

5 seers ^teel» 

4 seers Iron, 

1 DubUOil. 

W. NAPIER. 

Simla, 2SiJi Sf^/iemiter, 


(A|»pro¥ed.) 


Received the above articles. 


J. P. KENNEDY. 
W. NAPIER. 



FORM OF RILL FOR TOOLS AND MATERIALS. 


Dk..THE IION’BLE R. I. COMPANY. 

For materiab on account of the Hindostan and Thibet Road 

5 seers Steel, @ per seer, 0 ()■ 0 
4 seers Iron, per seer, 0 d 0 

• j Dubba Oil, (W per accr, 0 0 l> 


Total Rupees, -• 0 0 '» 


(Si|picd) A. B., il/mAojtr. 

2M 1850. 

Certified that the above weights and prices arc correct. 

(Signed) T. GRAIIAAf, Accountant^ 

25ik September, 1850. 

Received the amount of the above BUI in Co.’s Rs. Annas Pies — 

(Signed) A. R., MercAant^ 
Certified that the above sum was paid in my presence. 

25ih September, 1S50» 


(Sigjied) 


C. D. 
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COWREE-RAM DUNI>, AND ROADS IN GORUCKPORE. 

No. l.^LeUer /rem II. C. Tuckeii, Esu, C. S.. Secretary to the Road Fttud CW- 

wit tee of Oorwkporrt dated ‘i'iad Janaary iH30^ aud addrteeed E. A. RfiADE> 

Esu., C. S.» CtmudeeioMr of the heHuree Dteieion. 

Sir, 

In obeJUnco to the tctIwI orders of the LiciUcnnnt'Goremor, giren on Fridsj 
lasti in fsntp at Bnhufpore, xillah ]tcnnres> I hsTO the honor to snhmit a brief report 
on the (7owrcc-Ram Bund. As I Have the district to-morrow, the plans, though 
«:orrcctly done, ore not as neat as Uiey might be; and the report, in the bustle of 
milking over-ehurge of the zillah, is necessarily hurried. In truth, 1 had hoped to 
hftvc escaped the pecesaity of writing a report at all; as 1 would at any time rather 
do n thing, than write about it when done. 

2 . —The city of Gorurkporc is cut off from Aumgurli and tbe distriels lying 
hevond, hy the valley of tlic Amee, which extends about 20 rolUe from Mr. Robert 
M. Bird's uobic bridge at ChiUtncc to whore the Amee falls luto t)ic Raptce below 
f'owrcc«Ua)D. The Amce itself is a deep narrow river, and bu two large bndges on 
the upper |)art of its course; hut during the rains, the whole valley to a breadth of 
2 ^ miles is full of water, and romraiinication with tliecivili^ world ohnost entirely 
cut off. It WAS no uncommon circninstance for a dAk traveller to be detained i)io 
l)cst part of a day; and if there was any wind the ferry became dangerous: as for 
carts or troops, Uieir transit was impracticable. 

3. —-Ill tins state of affiiirs. Ilia Goruckporc Committee determined to run a 
bund across the valley, witli some sinall bridges and a flying bridge, witli pucka pier 
heads at the Amkc. Tlie scheme was considered a very wsid one, and impossible, by 
some; but the existing incoiivcinciice was so grrni, and the advantage of a good 
Military road in case of war with Ncjml, so evident, ihat it was resolved to mgke tho 
attempt, and fry whot could he doue; and tlie sanclion of Government was requested, 
September iftli, ISI.\ Ilia Honor ihe Lieuteiuinl-iMivcnior in bis re)>1y, dated 
October Ititli, IHio, was )d cased to **n|iprovv and saiivtioii the Khcmc,” and was 
glad to observe tiiat so great a spirit of enterprise aiuinaied the members of tJio 
iaorackporc Committee. 

d.—Thus encooraged, the Committee set to work in earnest. The bund might 
Iiavc been carried straiglit across liie vall^ and jhoel; but it was determined in pre¬ 
ference to carry it along the water ridge between the Kaptee on one side, and tho 
Amce on tlic other, in tlie ko|>c that by thus running it along the natural limit 
bclwcoii the two rivers, it would be loss likely to be carried away. Were it to be 
done over agnin, the Committee would carry the bund straight across; as from Che 
deep and extensive cxcavalioDS for earth, no trace of the original form of the gronnd is 
now visible. 

5. —It was at first inpposed that a height of from 10 to 14 feet would be suffi¬ 
cient ; the biuid being 40 feet wide at the top, and 60 at bottom, a berm of 30 feci 
wide*i>eing left on each side, between tho bottom of the bund and the canals from 
which tiio earth was dag. 

Beaeon 

6 . —The work wu coimnenccil by 500 prisoners and la^ p^ngs of hired laborers 
on the '!6th October 181.*); bricks were made and bnmt, lime prepared; andthefounda- 
lions of tho Kussiar and ('owrcc-IUm bridges, of three arches of 18 feet each, laid 
on 25th December; those of the five arches, Btjra bridge, on the 22nd Fcbruaiy 1816. 
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f.^Quickssiids l^eiiig found und/riheKusiisf uidCowree’nowi founJallouF, the^ 
Win piled.tThc Birja foundniioos were 12 feel on a layer of kunkiir well rammed down. 

H.^Tlie main difficulty was to get tolerable mistrees: Mr. lloadc*! head-man 
WAS tlcA<l; and there was no Ve who bad lUi idea above drain bridges of 12 or 1(1 
ft^ci span. The arches of the Coiumittce'a first bridges never therefore exceeded Id 
feet. The men» lioirerer got bolder in time 4 and the Committee have just completed 
an arch of 35 feet span, a very fat clli|»sc of only 9 feet rise. 

9. —To get the bricks iu these elliptic arches laid I rue, was another difficulty. In 
nil binid work, a fiat arch is better than a seinl-circular one; but the inistr.'eaiL^ not 
an idea how (lie bricks should be laid, I bad therefore to indent a Utils machine, 
of which 1 enclose a sketch, which easily enabled them to lay every brick true.* ^ 

10. —During the hot weather of ISIG, the .\mee was bunded to clear out woter 

from the Ibundatioua of a prupnsed bridge uf d arches, hi this job much trouble 
was ev])cnciicctl from springs of water. However by the rains, the foundations of the 
nhuhnenls and seven piers were laid, and the wails carried np G or 8 feet, to let them 
settle well before turning the arches. ^ 

11. —The ^ther three bridges wore eoni)ileted, but not plastered, before the rains, 
so that the bund was practicable, with the exeeptioo of the gap at the unnnished 
bndge over tlie Amec, until the 27th October, when a very heavy fiood occurred which 
lopped the bund, and carried away a greal deal of earth In spite of all precautions in 
raising a ledge on the bund, and prolcriiiig the more exposed partx by brajicRes of 
frees. 1 stood on the bund when tbc waters were within a few inches of the top, 
nnd the waves of the 8 or 0 cosa expanse of waters were beating on the rangp of leafy 
branches which had been‘)d^^ resist them. It was rather a lu.vous situation 
for the amateur architect. The great difficulty was to get earth, which could only 
be got from tbc high land at either end ofihe bund, a miJc*off, end the attempt had 
soon to be relinquished, nud the bund leB to its fate, 

\ SefigoH 

12. —When the fiood cleared away, it was found that two piers and one abutment 
of the Amec bridge had been completely undermiiiOfl, the piers thrown flat, and tho 
idniimeni fairly turned trip4y4nrvy with the bottom layers of kunknr and bri<^k uppcr> 
most in the air. This, though disheartening as shewing the wretched soil we had to 
deal with, was so far satisfactory as proving the subs tan uai manner hi which ihe bricka 
h(ul been ]uit together. The whole formed one liugt* mass, which wc had exeft'ding 
gfenC difficulty in breaking up, as I liad no practical knowledge of blasting, ond was 
niVaiJ of blowing up some of iny prisoners. 

13. —The prisoners ami laborers were aga:n I3t to work, and the cartU*svork of 
I he hund was raised froni 2 to r» feel atmve its former level. 

I I.^Tbrec new piers were added to the Amec Bridge, and to gel out of ibo wsy 
of the insecure foundation of one of ihe fallen piers, the new oue was placed beyond 
it, so as to make the centre opening 26 feet. These new piers and the new abutment 
nrre built 011 cylinders. 

new bri Ige of 7 arches of 2'l Icet jipnn was also commenced near the 
former Bijra one, and .21 cylinders sunk from ITi to 26 feet, and the abutments and 
piers carried up to the spring of the arches. 

16. --AnotU<r bridge of 3 arches of 21 feet span was ilio hiuU, and arched over 

before the rains. ^ 

17. »lt was found that all the Punniar trees, uhich had been planted at the aides 
of the bund, although they threw out fresh leaves, sod gave every appearance of 
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flQuruhbg 00 long u the bund remeiaed loaked with water, withered tad died as the 
buad dned up. 

18.—The raina of 1847 were even heavier than ifiose of 1846, and the floodi 
higher than had erer been known hj the oldeat inhabt'ant. On the 7th October, the 
bund was complete]j over-topped, the water reaching to the corsyces of the bridges, 
3 or 4 feet abore the crowns of the arcbei, and carrying away a great deal of earth. 
Howercr the four completed bndges stood the strain bravely, as also the tall pier 
walls of the 11 arched Amee bridge, not one of which gave in the least. This vms 
crediw^Me to the tossonry; as witli such a rush of water and without the supporting 
thrust of arches, it would not have been wonderAil had some of these high pier walls 
given a little. 

Season 1847^. 

l^^_Ouided by this extreme flood, all these piers were raised three feet higher 
before turning the arches so as to allow full waterway; whilst the central elliptical 
arch of 26 feet allows of the navigation continuing unimpeded. 

20. —Of tlie unfortunate new Bijra bridge, one abutment and two piers, although 
built on cylinders, were completely rooted up and upset, the cylinder^ and piers lying 
nnbroken flat on their sides, and the abutment flung uide in two huge masses whilst, 
were part of the bund had stood, there was a deep koond for 2&0 feet. 

Season iS4S'40. 

21. —This was trying. It seemed as if the more pains were taken to lay deep 
and good foundationi, the worse the vrork was, and of course the feeling spread that 
the tcUegie really was impossible, and that the bund could not be flnislied. 

22. —TlieOonickpore Committee, however, weremot dlslieartened, but determined 
to bridge the whole koond, which might be supposed to be the extreme waterway 
required in the severest* flood, by a new bridge of 16 arches of 24 feet span each. 
Syud Ilahoe Buksb, an old distinguished thannalidar, who had built several bridges in 
Asimgurh, was called to the work; and by. dint of hurd rrork tlie whole 16 arches ivere 
completed, and the bridge and bund made passable fro.n end to end before the rains, 

23. —The nuns of 181D were liappily slight, and all the bridges and bund remmu* 
ed uninjured. 

Season i84B^» 

24. —The laborers have nearly ail been dbrnisscd, and the SOO prisoners are busy in 
plaatfting the bridges and in buildinga connecriug wall between the two Bijra bridges. 
The soil there is so very bad, that the earth will not stand at all, even though tho 
Committee took merely the upper layer of the neighbouring jheel •, and they have 
been therefore obliged to build a supporting wall to prevent the earth slipping away. 

25. —The whole of the sides of the bund hove been thickly planted with coarse 
grasses and reeds, and the upper edge with different forest trees which are now getting 
on nicely. 

26. —The Committee believe the bund to be now quite safe and sound: I’ut if 
kimkured, so much the better. 

The wa^rway is as follows:— 


1 bridge of 15 arches, each 24 feet 

span, 360 waterwayp 

1 ditto 

11 

ditto, 

26 A 18 feet 206 

1 ditto 

5 

ditto, 

18 feet 

90 

1 ditto 

3 

ditto, 

24 feet 

72 

2 ditto 

3 

ditto, 

18 feet 

'108 

6 ditto 

37 

ditto. 


836 feet water 
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27. ^The eartli*wor)[ ot pment 1 b 13,U4 feet, or about 2^ miles long; 20 feet 
roadway bjoA 80 feet at the bottom with berms of about 20 feet, and the arerage 
height U now about 18 feet. 

28. *-About 300 prisoned and 262 hired laborers on an average, have been 
employed on the work under the aupcrintendence of Moulvee Hea AUee, tuhieeldar, 
MoosufTer Hooeein, jail darogab, Syud llakeo Bukab, thannaUdar of Amorlia, and 
Ubdool Nubbee, thannahdar of Bun^aon, to all of whom the Committee feel much 
indebted for their aealout and gratuitous labors. They deserve to receive the tlionka 
of Government. Soobrattee miatree has also doike good service. 


29.—The expenditure has been as follows* 

Season of I813HC,.Ik 17,738 11 7 

Ditto 184M7,.„ 18,M0 1 ,3 

Ditto 1R17-48,.„ 8,913 4 11 

Ditto 1848-49,.„ 17,037 12 3 

C1,RC0 I 2 

Ditto 1849-30, to this time,.^ 6,701 V> S 


, Total, 68,593 0 10 

30.—One main res nit of the Committee's experience is this, that in Ooruclcjfiire, 
it is best to build bridges on the upper crust, without any foundation. Wherever 
]>arl)CuUr pains liave lieen token to sink good and deep fuiindations, there tho 
misfortunes have always been greatest, whilst adjoining bridges witLouv any founda¬ 
tions have stood firm. 


31. —The most graUfying result, however, has been ths unusual mark of the 
approbation and confidence of Governmeut in the spotitancous groui of Ik 30,000, 
to assist the Committee in corrj^ng on their public works. 

32. —In closing tlicir rv|Kgt on the C'owrec-Itam bund, tl’«' C/ommitlcc cannot 
but again call the attention of Government to the impolicy ol lying tlic legs of the 
Bsceutive Engineers to their desks, instead of having accountants to examine and 
keep the accounts, and leaving the Engineers free to run about their divisions and 
give their most valnahle aid to the Local CommiUccs. This Committee, with tho 
exception of a slight sketch of a bridge, has received uo assistance wliatever from 
the trained Engiucers of Goverumcnl, ajtd has consequently had to feel its way as it 
best could^ It is absurd that large and important works should be left to mere 
amateurs, whilst the Engineers, who could direct them skilfully, are confined to mcro 
desk-work, and allowed to reoiain almost useless. The jircsent Barrack Master 
system is utterly bad; and the sooner it is meuded the better. Till then even with 
the very best intentions, Magistrates and Committees must waste much money in 
experimenting. They do uot pretend to Euginccring skill, and all they can do is 
to do their best. 

p. S.—1 have been examining the bund and jlieel to-day, and it*appears very 
clear that tlie jheel to the westward if rapidly silting up. In a few years the canal 
on that side will be filled up and the lands raised several feet. This will be a new 


protection to the bund, and may prevent the Eaptee coming this way. 

It may be useful, perhaps to remark, that none of the Committee's brldpri cut 
.their bunds, u is so fj^ucutly the case elsewhere. The reason is, that two spouts are 
allowed to each arch| so that all the rain water which falls on the bridge Sows off by 







mjicTiOKs moil the hetobm or ootebkuent. 


m 

th€ flpoaU, of dnining off to where the bridge is attached to its embankment* 

and cutting the embankment o£^. thus leading to the common sigiit of e fine bridge 
Standing deUched bj itself* its embankment cut, and no means of getting to the bridge, 
trarellcn quietly wading through the water below iit. Mr. Bird's Chitace bridge 
requires these spouts; half the embankment being regularly washed away every year 
hy the water from the bridge* 


No« V .—Minuie E. A. Ekade, Eoq., C. 8., Cosuiisrteiier <*/ ikt Senaret VicUion, 

the 9\ilject of the foods la the Geruekpo^ ditirict^ dated 23rd Feimar^ id3</, 

1. ^The subject of tlic roads in this district having recently elicited comments* 
Hevlcw of the subicct ot will he useful to take a review of post oj>erttioiu, and the 

principles which guided them from the first establishment 
of the fund to the present time. 

2. <—The communications of the country prior to the settlement, and 1 speak 

X #1 f -4 Ifom experience extending back upwards of 20 years, were 

WiUoflUcdMilct eemmu- ..J , . , . 

iMiAiWiitpKM toiUesct- Uttlu belter than cart tracks. Jlie Muhsjun's bridge over 

ilcoient. Veraina bclwcen Cowree-lUm and Qola Oopalpoor was 

the only bndge, except the small Towce*ka*pool, over a nullah between the north and 
south )»arts of the town of Goruckpore, whicli existed, bciore the cession of the dis¬ 
trict, os tlie tndicationi of fonner enterprise. No bridge has ever yet been built by 
the Executive Engineer in this district, though our tenure of it has approached to 
lialf a century, and it was not ilU 1031 that Mr. K. M. Bird first set the example 
of constructing bridges over running streams. The bridges over the Sowabowee* the 
Amee and the Teralnt, besides those in the south of Goruckpore, rrmaiii lasting 
memorials of his energy and abilities. He restricted bis altcution to the valley of 
the lUptcc and the Gogra, evidently because thu principal commerce of the country 
passed to it to and fro of the productiv;e portions of, this distiict, and those south of 
tlie Gogra. , 

3. —As tlic survey of the district procetsled, and the assessment increased also, 

—. , ... it became manifest that the future capability of the former 

lint measurearinco the es- , ^ , 

tobluiiiiucnLoftbo Pinid. to meet the pressure of ibelattcrde]>cnded untheexten- 

TUo llurtc>lco I'orwi. commercial intercourse, and the use of roads and 

rivers. It was of the first importaiicc tliat cart tracks should be mode Uioroughfares 
to the main river of the district, the Gogra, or elsewhere recognised as roads, to pre¬ 
vent appropriation of the Und; and this was easily accomplished.* But he barrier 
between the fertile parts of the dUtrict cast and west, the llurvcylee forest running 
up diagonally to the Term was ilie diflicnlty to be overcome. Tlio first exertions 
made were to pierce this obstacle at several points in longitude as well as latitude. 
Roads Nos. HI., V., VI., Vl[.,XVlil., XXXIL and XXXVXI. were thus opened 
through heavy jungle. 

4. —The next step was to classify the communications of the district. The settle- 

roent wgs completed, and thus enabled them to be classed 
pretty accurately according to their relative importance. 

Three desses were established,-*Ut, of main Military and Poet roadt,»2nd, of Com¬ 
mercial roadj,*-«3rd, of Dye roads.f Experience has shown that the estimate thns 

* It ms reomnsNy sappossd, that by msklns cart trseki to say river food roadr, bossrj would 
sprinR up tt the tonuifiua la meet oases, expetiseco his shewn the corractaew of the antioipaUoo* 
t Ist chw roads, 00 to 40 feet vide,*3ad tiam, 00 to 4\-*0rd class, 30 the nunmium. 


KoatoUssiQcatiop of roads. 
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p}Tnicd of each road has not, dnring tbe conne of crents in tLo lajt ten jtMi been 
affected lo u to render a re^laseification neceiear^, 

5.— y\y original design was that tbe aurrejor ilioutd U 7 down new line* of road 

OrigiB»l<lcw.rorin,pr<«e. P*^"*!* him for .urvey, prepmtory 

inentof rmis liow frut- to correction of the auiuosicies in almost erery road, which 

had been made simply l»y convSriioa of a cart track Into a 
thoroughfare i but theaurreyora were recjuircd elsewhere and were Lurried o£f. ^Vith 
the exception of Lieutenant l«awrence little aid was rendered by any, and frequent 
apjilicatioga to the Sudder Board for the services of an Assistant 8 urrcyor*ai^ the 
ncccsavry instruments, only received the reply that neither could be spared. Mr. 
DeSilva was at length deputed to tbe district, and some partial reforms were effected 
with ills aid. It may be remarked as a general observation that though the lines of 
comm 11 ideation have been 5xcd, the process of abbreviation by correction of iinuo* 
sities is still a desideratum. This remark does not apjdy to the new lines cut through 
the forest. 

C.—Bcrorc'systematJcaDy undertaking this improvcinpnt, it appeared to be more 

a matter of necessity to complete a series uf letitudinal pamU 
^ lels cast and west of the diitxict. Southward there existed 

first, the road from the little Giinduck 011 the left bank of the Oogra to Fyubad; 
second, from Batncrc Blia^huttce through Goruckporc to the same point. Ngrth« 
ward, in adherence to this priocljde, the junction between the Gun duck and Itnptcc, or 
Verrowna and MUendawul waa first effected^ and subscijQcntly aline was opened from 
Uo^ah through Goortce gliut on the little Gundiick, and Siibcya, to thr Uhumaila t 
but tiie line between that point and Bansee is still incomplete. A desi/n to extend 
the line of road, along the Nepaul pillars on the north face of perg mnah Bansee 
through the Intruding portion of the Nepaul territory and alobg tho line of the froH« 
dor to the great G unduck, was abandoned, the nature of the eouiitry and the improc- 
ticablUty of boats navigating s4 far up that •river, owing to tlie jrcc of the streom 
and the quantity of trees imbedded in the channel, being conclu 8 i> j arguments against 
the success of the project. ^ 

7.—The principl.'a which regulated proceeding)! while these measures were in 
Piinnplc RdlMiud -J contempUtion and progressing moy be briefly stated; lit. 
Committee. . the future operations of the svoaun were determined at an 

annual meeting of the ('ommittee. 2 iid, main roads were annually put in good 
repmr; commercial roads received ordinary mending annually, and were repaired 
effectually once in three years: bye-roada were kqit passable annually, and a disere« 
iion was icfl with the Superintendent to repair them effectually as he deemed neccs* 
sary. 3rd, savings were annually accumulated for the purpose of building bridges 
on a scale which required the md of professional experience. 4ih, members of CoiO' 
mlttee were elected from residents in the interior of the district, whose advice, sag* 
gessions and reports were made tbe subject of resolutions of the ('oiamiticc at their 
aunnal meetiug, or at special meetings when such waa deemed neceaaory. 5th, tho 


tehseeldars were directed to report to the Colicctos on the state of each road iia hit 
jurisdiction, and in some cases were necessarily charged with the duty of superin¬ 
tending the necessary repairs; but the system of contracts was preferred. 

several places, embankments as approaches to bridges were rused, and 

flavinai made aauuslly fnt burnt for the latter elsewhere. It some 

tiio purineo of brid^. instimcca bridges also were completed, but as 1 do not pre¬ 
tend to be an Engineer, 1 deemed it right to abiUin from entering upon any very 



1G8 
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BoTonl good bridge* boJlL 


extensive work, and better i>oU^ to incor a imall annual charge for temporary bridge!, 
and ateadily to accumulate tlie fun da necessary for the erection of tmiable perma* 
nent atructuree of this description. I was thua enabled to place a sum of Bj. 50,000 
at the diaposal of my sueceasor In office. ^ 

0 .-—During the laat fire ycara the contributions to the register of bridges, which 

it ia one of the laws of the Committee to keep up and revise 
annually, hare been numerooa and important. Whaterer 
may be the diflerenee of opinion regarding the chief work to which Mr. Tucker bai 
appiTsd dlls mind and energies, ita contparativc utility or proepectire durability, tJie 
number of excellent bridges crated by him in other parts of tbe district, are more 
than sufTicicnt memorabilia of his usefulness. The diatrict roads doubtleu are not 
In such order at could be dcaired, but at leaat they are practicable, tbe commerce of 
the country ia not imjjcdcd, the thoroughfares have not been absorbed. Tlie restor¬ 
ation of n road, at leaat in tbia district, ia a aimple matter, but the construction of a 
large bridge requires fxi>erieiice and talent of a particular order. Mr. INicker will 
have made a good use of itmr and money, even if his greatest undeitaking proves a 
failure, and 1 do not think this district can be better cared for in after years than 
hy alternate changes in the dxecutlve, of ofliccra content to make good roads, and 
capable and willing to build good bridges. 

lU.—It will probably l>e deemed advisable to glee' the benedt of the annual 
in the matter In course of realisation, to the effectual repair 

or KttdH. of the roads, and a few suggestions, the result of experience 

and obaervation, may he uaeful. In aeveral ])arts of the road, where the soil is light, 
the road is now below the level of the country. Besides tlie scrapings from the kennel, 
earth must be arlded, and this should not bo taken from the fields as is too o(\eu 
the case, but from a irench three or four feet wide on one side of the road. Tlie 
depth of the trench will ho in propoKion to tbe quantity of earth required. There 
should be a small margin between the trench and tne kennel of the road. If the 


excavation of this trenth be even, it will be useful to tbe owner of the field for future 
irrignUon. This modut opersndi was tried ou the PiprAch road between Piittrah and 
the forest, ond answered well. In dhooa or pure arenaceous soils, accumulation of it 
on the road is only an aggravation of evil. These tracts arc usually not extenrive, 
and in such places the road should have a superstratum of firmer soil, or be metalled, 
if kunkur can he obtained. Generally in ibis district grau should not be separated 
from the top dressing, as it binds the soil, and enables it to resist the action 
of high winds. In the tcroi portions of the district. It is a most grievous mistake to 
remove the sod. The only reprir these roads ordinarily require is to fill in the 
indentation of the hackery wheel with turf; tn renewing approaches to bridges it Is 
a prudent precaution to mrintain a slope from the bridge downwards to the com¬ 
mencement of the approach. In cases of exeexiive Inundation, the surplus waters 
thus find avray of escape, and the safety of the bridge is ensured. 

1 ).—n^c desideratum, as I have above stated, ia the comctlon of sinuosities in 
' . ... ^hc prircipal thoronghfarcs. The people have long been 

‘procedSro P»epM^ for this jtnproTeraMit, uid will gcner.lly be found 

▼ery reasonable. In correcting a circuit as the roads arc 
universally wide, one thing is certrin that the area of the old will always exceed that 
of the*new oit s years ago when this subject was discussed with a native Committee 
of land owners, their remark was, that the tenure of land hard by a crooked road was 
never safe, the road would looncr or later be straightened, and therefore tiie sooner 
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Mniii rood I^o. V. 


^one Ute better, if these {>rcc&ntions were taken tliere would not onij be no grier* 
ancfi but the owner of fields on the new line would often be a gainer: 1st, the line to 
be Isid dovu in the dry months when the crops were off the ground; 'itidly, the lino 
taken to be made the next ycat^or rent paid for it if deferred; drdlyi the old road to 
be measured* and divided amongst those whose fields were taken up ail or in part by 
the new line; lastly* that the Unc be marked off jmther by the Collector or by a Sur* 
Tcyor with a theodolite. In this way the most oireuitoiis road in the district from 
Barhiil to Bhowapar was made straight without a single eomplaiitt, and it was admit* 
ted in many instances that the old road was more productive to the cullivoSai^han 
his former land. If a atanding cropViost be cot down* there is one and but one way 
of settling the question ofeom|>cnsatiou, ris. by a summary puncliAvcton the spoT ouJ 
cash paid down. 

think the road No. V. might be first subjected to this improvement with 
advantage, being 1 think nlmiit the most erookod of the main 
roa<ls, and where the jnUeration is likely to be hailed witfi 
fiatisfACtion, and would serve as a procedeut for others* that of No. Vlll. being now of 
long date and ibrgotten. On the same roail. If pmcticable* 1 suggest the constnictioii 
of a bridge over the Mon Nuddee, the bricks for whic^i were burnt six years ago. 

13.—Of commercinl roails one only spprArs to require a suggestion ftom me. No. 

. \VI. is tbc KTfAt commercial roail of ihe district; Hi\d for 
tViaiDOTCiol rowl No. S> I. ^ i** «. « • i . .• 

the safety of Mr. Bird i bridges iqiou it, inipection and 

cffectiinl repair appear to be necessary. 

11 .-^f other roods too i need only also note one. It would be af well to com¬ 
plete the northern most parallel from the Dhiimaila to 
^ construct a bridge of mosonr> pier, and sauJ 
limber platform over tbe Powye Nifddce, at *he point where 
the parallel and the main road No. 111. cross each other. 

15.^To the above suggesUons 1 would add others connoetetl with bridges iu tliis 

dislnct. Mr. Tucker recently pointed out the advAiiLage of 
<■'"^•*•'*’8 l>ri<Igei hoMt by liU prcdv.-iaaors wilj; tijioi.t. 
through the parapet walls to carry off rain fslUog on the 
bridge, which, as he observes, otherwise makes nfts in ihe enrclien approaches. In 
the jungle and teni U will he safer to lay platforms of saul beams, croBS-jnoces, 
chylas, earth and kunkur over all* on masonry piers, bidlt up on jainowols or curbs 
of jtmun wood (which does not rot in moisture) than to build arclied bridges. The 
small brick called the Lakhowree is better suited for bridge piers than the large brick 
used ID other buildings. Every notable bridge in the district should be iiisjiectcd 
and reported upon by some competent person at least once a year. 
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MEMORANDA ON THE MODE OP SURVEYING ADOPTED W 'TUE 
REVENUE SURVEYS, FURNISHED TO LIEUTENANT OCllTERLONY, 

MADRAS ENGINEERS. 

Btf Major Whovouto!*, Surreyc/' 


Th« M*pd fonrardeil* have been compiled with dtie care to eccuncy, nnd if it 
should 80 happen that you are converunt with the theory of the matter, I doubt 
not that you will have readily comprehended our mJdc of proceeding on the Bengal 
Revenue Survey!, but M the natnre of the operation! is different, according to the 
feature! of tiiu country in which they may be carried ou, it ieems a(]vi!able that i 
■hould offer tome advice upon the mode of proceeding, adapted to the peculiar 
circumstance! of the case. 

As regards the instruments used, a very brief dcMription will suffice * the variety 
of thenk being extremely limited. 

Fint, — J%eodo/ifea, chiefly manufactured by Troughton and Si am!, are those 
commonly in use, and as they are graduated on the horizontal and «ertical limb to 
single minutes, our calculations do not proceed beyond timt limb. 

Seeont/, —A brass staff wl^ich is upplicjl to the head of a Theodolite stand, and 
is so arranged that it can be adjusted to the true level, and liaTi*»g a revolving motion, 
admits of either i>cq>endlvular line being directed to an object; probably, when 1 
describe the cross staff in common use, which is a square of wood, ten inches the side, 
and one inch thick, and sawed half through the diagonals, the design will be at once 
explained. This instrument is sulhcicnt for all angular work likely to be re^uiretl 
on limited topographical surveys, but where it is not so, I use two small Achromstie 
Telescopes fixed to each other, so as to admit of the verUcal lines of coUimation 
being centricslly brought to a right angle. These TcleKopes are fixed on a circular 
plate attached to a tripod head, and admit of being levelled in a similar manner to 
the common cross satff. These Telescopes can direct on long distances, and I have 
found by experienee, are more easily managed thanajty description of Theodolite* 
Nor is this the only advantage secured : the fluctuating indications of the magnetic 
needle are obviated, and a means of drcumventuig upon precise data, the cultivarion, 
and waste details of villages, is afforded, saperior in point of expod^ion, and 
simplicity to any mode 1 have ever seen adopted; while it ensures every ret^uislte 
fidelity in the operation and results. 

The application of this method can be undertaken by any one who can read 
and write, and the notation being confined to a record of the course, either right 
or left, every chance of confusion or error is avoided by the simple note "R, ^ L* 
the commencement of a new station. 

A * Speciaeos from toIuqs sit Sohsfpore, 



m 


sELEcrto)<s mou tbi kbcokds or government. 


7;4;pj.....lron Qiintcr's ehainn. 

F 0 wrM.<—Biusboo flags surmounted with white and blue cloth. The bAmboos 
l>elng straightened by Are, and a plummet attached to the po1e» at about 5 feet from 
the ground, are the most conveniently portable object/ that can be used; and if kept 
on the perpendicular by the direction of the plummet, admit of excellent angular 
measurement being carried on upon them. 

Fi^h .—Ten feet rods for measuring offsets. 

These comprehend all the implements used in conducting the surrey. 

ln;#dvancing the flelS work, it is necessary that the angles be read upon ihi 
whole limb, for thus the error of graduation is obviated. The outward, as well as 

inward, angle is observed at each station, the addition of tbo two amounting to 
;iG0, establishes the correctness of the angular measurement. This mode of proceed* 
ing takes place st every station of a given circuit, and the total amount of the actual 
angular measurement of the polygon, being ccjual to twice as many right angles as 
the figure has sides, miaire the angles at the centre, is a proof of this much of 
the -work being accurate. The survey is invariably conducted upon the system of 
co-ordinates, the azimuth of the first station line being the element on which tlic^ 
survey is based : thus the mcaaflreroent of one village azimuth forms the ground work 
of the calculation of another contiguous to it, and a fourth to the third, and so on 
to *he completion of tbe entire surveys the value of the azimuth last calculated 
corresponding closely with the same line determined from a uew nicridlan, verifies* 
this important process of the operation. 

The ehaln measurements arc conducted with every* possible care, and an iron 
arrow being driven into the ground with a wooden mallet, leaves a dumhic mark, and 
precludes a chance of a luiscalculation should the arrow even (which is not likely) be 
disturbed by the chain. 

l^rror would be sure to arise from the clougntion of the chain, wbicli must occur 
after a little use; but this evil can be^easily obviat»tl by applyijig at intervals the 
chain to a standard measure, and cutting off from one extremity, the quantity that 
may appear in excess. 

The calculation of the meridian and perpendicular distances rests upon the sine 
and cosine of the angle and distance measured, and is similar in the process to that 
which is explained in every work upon traverse surveying. 

Hutton, in his volume of Mathematical Tables, in speaking of the Traverse Table, 
page 174 , .5th edition, observes^** that this mode of surveying large tracts of lands 
as a country, Stt., was made use of by Mr. Norwood, so far back as 1635, and he adds, 
that In plotting the survey of a country thus taken, tbe circuit station lines, though 
consisting of many hundreds, may be reduced to a few for the first closing, and thC 
like for the uitermediate of each line first plotted, by which every station may per¬ 
haps be more truly placed than by any other method.** The above remark is extremely 
accurate, and there is no mode so efficacious as the one advised. By it can be car¬ 
ried on ^survey methodically and accurately, and the operation is vronderfully sim¬ 
plified. which by any other process would be involved in difficulty, error, and confu¬ 
sion; and since the meridian and perpendicular columns of the Traverse admit of the 
station lines being plotted by mere plane scale and compass, it would be difficult by 
any other method to effect this part of tbe work so easily, and by no means could d 
circuit measurement aod its area be made and determined with the precision tho 
universal theorem admits of« 
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It is necessftiy that the distances on the raeridisn and perpendicular siiould be 
balanced fixed rale, and one that will secure the distribiieidn of differences in a 
manner calculated to neutralise the diacrepanej. 

On the Bengal lurrejs, it^ usual to reduce the calculations by either Soileau's, 
or £gerton*s Traverse Tables. From these the latitude, and departure for every coarse, 
and distance will bs easily derived, and if tli^ survey of a given circuit be.truly made, 
tho sums of the norihings and southings will be equal, and also those of the eastings 
and westings. In the next place, with the view of determining the meridian distances, 
such places must be selected from Uie columns of castiogs^and vestings, as tdnVit 
of a continued addition of the onef and subtraction of the other. By this means 
the inconvenience of changing the denomiuatioD of either of tho. departures wrllj>6 
avoided. 

1 may observe, however, that in actual practice, the columns of latitude and 
departure will not balance exactly; for little inaccuracies mint arise from the observa* 
tioiis and chaining in the field, wliicb no care could obviate. To adjust these differ* 
enccs previoua^o defining the meridian diataucel. the nde^is, that on limited surveys, 
should the discrepancy amount to l-5th of a pole for every station, it will be clear 
that an error has been matle in tlie field measurement!, which must bo discovered by 
a re-survey. When dlfTcrcncea however are not within tlioso limits, the columns of 
northing, southing, caaiiitgand westing, may be corrected thus:'—Add all the dis¬ 
tances into one sum, and aay, *'as that sum is to each particular distance, so iSt tho 
difference between the sums of the eolamusof northing and southing belonging to that 
distance.’* The corrections thus found are respectively p/a# when they belong to the 
less of the two columns of northing and southing, and mikim when they <>elong to the 
greater. If tho course be due east or west, the correction is always rudilive to the 
less of the two columns of northing and southing. The correction of eastings and 
westings, is found exactly in the same way. 

In the following example',the sum of^the distances is 79*. and the difference 
between the columns of northyig and southing is 4, also the fir-c distance is 7U; soy 
then 

791 : 70 :: 4 : ‘01:»which fourth proportional *04, is the first correction be¬ 
longing to the southing 63*0fi, from which the correction *04 should be substracted. * 

In this manner the several corrections of the southings 

63 C 1 r 1 

29*1 > are found to be < *09 > respectively. 

135*7 J L 07 J 

But as only two of these corrections amount to half a tenth, we must use *18 
for each of the corrections *09 and *07; and neglect the correction *04 : tbiui the cor¬ 
rect southings become 33*6. 29*0. 135*6. 

lu like manner from the remaining distances we obtain to 

{ 62*9 'I r *04 

I the additive corrections I 

00*00 J . 1-07 

And consequently by neglecting *04 and *03. and tuing I for each of the two *0B 
and *07, the northings when corrected are 62*9, 101*2, 54*0. 00*]. 

In obtaining these corrections, it is commonly unnecessary to uss all the sig¬ 
nificant figures of the distances; thus for the ratio of 791 to 7D, we may say ns 
60 to 7. 
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The Utitades and departarea being tbna balanced* proceed to Isaert the meridian 
difltancea of the above method* where we atill make uie of the aame field, notea, onl/ 
changing claina and Unki into percliea and Centha of a perch. Then, by looking 
along tlie column of departure, it is easy to observe, that in the columns of eastings 
opposite station 9, all the eastings may be added, and the weadngs lubatracted, with¬ 
out altering the denomination of cither.« Therefore by placing 46*0 the eaat departure 
belonging to this station. In the column of meridian distances, and proceeding to add 
the castings, and subtract the westings, according to the rule already mentioned, we 
shall that at station H these disunces will end in 00, or a cipher, if the additions 
and lubtnctioni be rigluly mad«; then multiplying the upper meridian distance of 
each station by its respective nortJung, or southing, the product will give the north, 
or south area, as in the examples already insisted on, and which is fully exemplified 
in ihe annexed specimen. When those products are all made out, and placed in their 
respective columns, their difTerences will give double the area of the plot, or twice 
the number uf acres contained in the survey. Divide this remainder by 2, and the 
quotient thence arising by 160 (the number of perches in an acre), then will this last 
quotient exhibit the number of acres and perches contained in the whole survey; 
which iu this example may be called 110 acres, 103 perches, or 110 acres, 2 roods, 
23 perches. 

The information for area, &c. is obtmned in any work that treats upon 
traverse sailing, or close topographical mensuration. It is fully explained in Adam's 
Geometrical Da says, but more particularly in an American work called ** Theory and 
Practice of Surveying, by llobcrt Gibson," in which also you will find a full explana¬ 
tion upon all the points. 

IS.—The above explanation shews the style of a Be venue Survey which embraces 
nil villsgrs situated in a campaign, or well cultivated district llie mode pursued in 
a less favored, and hilly country, is as follows :**- 

Secondary triangles, based If possible on primary triangles of the great Trigo¬ 
nometrical Survey, are first established, and a ihicui' Survey by traverse is effected 
ol' every sub-division, or pergunnah of the district under Snrvcy. It not unfrequently 
happens that these districts ore densely wooded, so much so as to render it impracri- 
%able to connect a measurement of one village with that of another with any reason¬ 
able degree of expedition. In this difficulty a very easy means presents itself, end it 
is that explained to you in document Q. The true position of the village is deter¬ 
mined by ascertaining tbe value of angles subtended from it to tJirec points of the 
surrounding secondary triangles; the azimuth of the lines connecting the latter give 
tbe asimuth of any of the lines of the subtended angles from the points in question, 
on which the cross staff is applied, and thus a series of perpendicular lines are made 
to traverse the cultivation, and waste detidb. This rule is, as already explmned the 
^Mheorem of the three points," and is explained in Adam’s Geometrical Essays under 
the head of ** Curious and useful Trigonometrical Problems," at page 160, 4th edition, 
London, and the rules for obtaining the Geometrical constmetion are as follows,* and 
which to a Field 8urve}*or who b able to protract his memoranda on the ground are 
of much utility in application. 


Boe Appendix. 
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APPENDIX. 


Gtncrol Buie for Jfndir§ tie Meridio/t dieianete. 

The meridisn dUtance aiid deperture being both east, or both weat, thnr lum 
ia the meridian distance of the eame name. 

The meridian diaUace and departure being of different names, that iSfacne eut 
and the other weat, their difference the meridian distance of the aame name with 
the greater. * 

Time on the first method of finding the area, as in the following field booV 
The first departure is put opposite the northing, or loathing of the first itaUdn, 
and ia the first meridian distance of the same name. Thai, if the first dcjMirture 
be east, th^ first meridian distance will be the same as the departure, and east also; 
aud if west, it will be the same way. • 


The first meridian distance, -- •• 

.. G*ct 

£ 

The next departure, 

6*61 

£ 

The second meridian distance, 

- 13-22 

£ 

The next dcpiAure, •• •• 

• • 1-80 

£ 

The tliird meridian distance, -•> 

• • Ui'Oa 

£ 

At station 5, the meridian distance, •« 

• • 578 

E 

Tho next departure, -• •• 

• • 776 

W 

The next meridian distance, •• 

- 1-98 

W 

At station 1], the meridiaa diitaoce, -- •• 

• • 0-12 

W 

The next departure, •• •• 


£ 

The next meridian distance, •• 

1 

1 

• 

£ 


e 


DOCUMENT G. 


Tw)idefe Theot^m, or iht Theorem of three pdnU, in ail tU eariefiet. The maiuat 
datoHce of three remote objeete being given^ ^Uh the onglee mhich they euhtend 
at a etuJion in the ume plane, to fnd the relatite place of that etation. 


Let three points A, B and C, and 



All the sides AB, AC, and BC of 
the triangle ABC, being giren, the angle 
BAC is found; and in the triangle 
ABD the side AB, irith the angle at A 
and D, being pren, the side AD is found, 
and consequently the position of the 
point D is determined. 


the angles ADB and BDC, formed at a 
fourth point D, he giren; to determine 
the position of D.^First, suppose the 
station D to be situated in the direction 
of tvo of the objects, A and C. 


a 
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Second!anpposo the three ohjecta ABC to be in the asme direcdoji. 


Describe t circle nbout the extreme objects 
AC and the station D, join DA, DD and DC, 
produce DB to meet the circumference in £, and 
join A£ and CE. 


s • 



In tbe triangle AEC tbc aide AC is given, and the angles EAC and ECA 
being [Euclid III. 21] equal to CDB and ADD ore conaequenllj given, wlierefore 
tbe side AE is found. The triangle AKB having thus the sides AE and AB and 
their contained Angle EAB or BDC given, the angle ABE and its supplement 
ABD are found. Lastly, in the triangle ABD, the angles ABD and ADB with 
the aide AB are given; >vhence DD is found. But since tlte angle ADD and the 
distance BD are assigned, the position of the station D is evidently determined. 

Thirdly, let tbe three objects form a triangle, and the station D be either 
within or without it. 

T1 trough D and the points A and C describe a circle, 
draw BD, cutting t)ie circumfvrence in E, and join E.V and CK. 

I.—In tlie triangle AEC tbe side AC and the angles ACE 
and CAE which are [Euclid III. 21] equal to ADB or its 
supplement and to BDC or its supplement, being gjven, tbc side AE is 

il.—All the sides of tlie triangle ABC 
being given, the angle CAB is found. 

1)1.—In the triangle B.VE, tlio sides AM 
and AK nre given, and the contained angle EAB 
(beiip; either thc^ differeiiec or the sum of CAE 
and CAB) is also given, whence the angle ABE 
or ABD is found. 

JV.t^ In tbc triangle DAB the side AB and 
the angles ABU and ADB being given, the side 
AD or BD is found, and consequently the position of the point D with respect 
to A and B is determined. By a like process the relative position of D and C is 
deduced; or CD may be calculated from the sides AC, AD and the angle ADC, 
wliich are given in tlie triangle ('AD. 

It is obvious that the calculation will fail, if the points B and E should happeo 
to coincide. In fact, the circle then passing tlirough B, any point D whatever in 
the opposite Arc ADC will answer the conditions required, since the angles ADB 
and DBC being now In the same segment, must remrin unaltered. 

I'his third case, in which tbe three objects form a triangle, involves the condi¬ 
tions under which the problem has in general to be solved; the first case in which 
two of the objects, and the second in which the three objects are in a line, occurring 
but rarely. Tlio reader will, however, doubtless have been impressed with the 
extremely laborious nature of the solution which this case involves, demanding no less 
than four separate trigonometrical calculations before tbe required answer is obtsined. 
It would evidently therefore be a most tedious process, and one but little suited to 
practical purposes; other means liave therefore been devised of solving the problem, 
which are better suited to practice. 



0 
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Tbe first of tbeso consists in s 
geometricsT construction. Let A, B 
snd C be tiie tbreo Station8> end U 
tbe position of the observer* a\which 
the engiei ABB, BBC btve been 
measured. 



On AB [Euclid lU. 33] describe s s^ment conUiniiig an nngte equal to that 
•abtended hj the objects A and B, and on BC describe another segment BBC, emi¬ 
tting an angle equal to that subtended bj the objects B and C, the poinl*l> where 
tbe two circumferences intersect, will eridently mark the station required. Should 
the two circles hare the same centre, their circumferences must obviously coincMe* 
and therefore every point in the containing Arc, will answer the cpnditioni required, 
in which case the problem becomes indetenoiiiate. 

Exampli.—I^ t tbe three objects 
on shore ABC be fixed in position, 
and let the angle subtended at B bj 
AB bo equal to and the angle suIh 
tended by B(' be equal to 40° > to 
find the point D by eonstruction, sub¬ 
tract double the angle AdB from I fiO* 
nnd take half tbe remainder, equal 40°. 

Lay off this angle at A and B, the 
two lines forming the angles with AB 
will meet in E, the centre of a circle 
passing through ABD [Euclid III 20J again subtract double the an^te BBC 
180°, and take half the remainder, equal to 50°. Lay off this angle at B and C ; the 
two lines forming the angles wijth BC will meet in P, the centre of a circle passing 
through D, C and B, The poidt B, where the two circles intersevt^roarks (he station 

required.—QEB. • 
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STONE QUARRIES IN TIIE NORTH WESTERN PROVINCES- 

[The following four pnpen upon Stone Quarries arc the result of a call made bj 
the Government for infonnation on the anbjeet. eontun many valuable detuls 

in a matter which has hitherto received little attention; and though, in some respects^ 
they are incomplete and imperfect; it ts hoped that their publication may be tha 
means of stimulating enquiry and of eliciting further infortnation.] 

Bbpobi^ UK THE Stokb QuanniBS in the DieraiCT or Aoea, by Mb. P- B. Reid, 

Deputy Collectob, datbd 17 tb Notkmuer 1846 . 

* Stone qoarnea exist in 3 pergunnahs of this district, vis., Futtehpore 8eecrce« 
Xwality and mimbor of Surheindre, and Furrah- Their locality and present num-, 
quarries. her are as follows : 

PUBOVNNAII FuTTBUPOBE. 

In Qnsbeh Futtehpore, •• •• •• 11 Five on miliet lands, and six on ihoiio. 

In MousaU Dahur, -• •• •• 2 

In Mousah Tejpore, — •• •• 3 Afeo/ee village. 

In Moutah Goo^ke-Mundec, •• •• I 

In Mouzah Joutana, •• — 5 

In hfounh Mundee Mina Jan, •• I 

In Mousah Bhurkoul, •• — •* 2 .t/ne/ee village. 

ToUl,-- - 25 

rEBCVNNAH SVBIIEINDBK. 

In Mouxah Jiignair Bu8S)'e,« •• 13 

In Mouxoh Tsiiniporc Ubuskotta, •• 11 

In Moozah Bhag^ur, •• -• ' 

Total, •• •• 28^ 

Pergunnau Fcrrar. 


In Moucali nhanowlee, •• >> >> 8 

In Mousah Ntinwarah, •• -.8 


In all 69 qnanies. 


Total, 


Propria tor«hli>* 


Specimens of stone from the several quarries, labelled, and accompanied with 

. . . . lists, &c., bare hein forwarded to Mr. Middleton, Prindpal 

BpacuBOUa of olooe. ^ ^i_ * ... 

of the Agra College, as directed. 

No correct information can be got from the canoongoes or their old mouseenahtf 

T, ■ ^ ^40 the exact position of the former Government, in res- 

Propnetoruup* . ^ 

pect to.these quarries. 

A tax, or toll of eight annas a mbnib on each of the Futtehpore kkaUa quarries, 

^ is said to have been levied on the parties working them, 
vensMot. (those on muiet land have never paid n toll,) and Uus 

•eema to have been continued by our Government, till 
Same, oootioued by ov revised settlement, when the toll on the quarries, 

tiovwnDvut. ^ common with other rwCoMv-wHiraer, was is^en off 

2 


tiovernDvut. 
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ths Settlensiit Officer; bat no reason for eo doing is giren in tbs tattle* 


ment records. The snms credited to Gofemment in the 
Coilector^i books for throe years antecodent to the set* 
tlemdbt are etated ia the margin. From the ^oarries 
0 within the nial^osaree villages in the Futtehpore pergtizi* 
^ nah, as well as frdn those in Surheindee and fnmh, Go¬ 
vernment seems never to have derived any benefit. The 
right of allowing stone to be quarried at these moosahs has always been in the harvds 
ZuDModarv* eonaection nmmdan or village proprietors* within tbVf recincts 

wiih quarriea. whose estates quarries have been formed. The rate of 

tax and manner of levying it appears to be regulated, as it always has been according 
io circumstances* and aa suits the convenience of* the eugogers; iiv some ]»lacec* eight 
annas a month per quarry ia charged; in some* so much for working deserted quarries* 
and so much for opening new ones; and in others, (for instance ot mouraJt Tauntpore 
in 8urboindee,) eight ainisis a month upon each or pick*nxo used in the quarry is 
clisrged. Sach engagements with the suweendars arc entered into by the stone hewer 


When takea off. 


iW'Sa, . an 0 

Ib.LH SS, ... ... 7 0 

18SS-40, ... ... «l a 

Mous tuoa. 


or iUHifiuras/r, or as tJiey are commonly called cJmkkera* (chukkeo maker,) of whom 
scv'cral fomiJics reside in t)ie vicinity of the quarries, and keep the business among 
(licjitsclves without any linjit of time, or defined boundaries, if a quarry be deserted 
by the original engager, the zuracendar has the power to let it to a fresh engager. 
In former yoirs the suinecndars used to take an equivatent in stone for their own use 
inst<*Qd of money; but this is now not adopted. The snmeendars ore perhaps too 
poor now to enjoy the luxury of stone houses, as tlielr fathers did: tiic prefer turn* 


ing every tiling into money. 

The annual income to the xnmrcndars in pergunnah fiurheiudee, e. Iculated on an 
liu-omc to tiuuceiiUsn iu average of three years, is rcckwoed at liv 20 1 ), vis. Its. 100 a 
tlurbciudevs mouzah Jugnoir Dussye, and 10 > hi the other three 

villngri. No similar returns tA forthcomuig for Futtehpore ai i Furrah. 

Sonic quarries are worked* for seven or eight years, others only for one season 
now bug auarrica ore according to facility of quarrying, ai»a the quolity and 
workcil. quantity of stone dug. 

As soon os the diggers reach the moist earth* or the water ajiponrs, they cease 
^ from di^ng ; the maximum depth is about 20 cubits from 

To ivliat aoplb. surface; but many quarries are given up long before tlic 

diners go down so far* on account of the heavy ex]>en8e of lifting np the stone from 
the quarry; yet it is allowed that the best atone is always found in the lower strata. 


From this it may be argued, that either the diggers have not cnei^ enough, or their 
prcsLi^t means of quarrying are insuffiaent. 

There are no assigned iimits to a quarry. If two be working countermlnoui to 

each other* the space between each is divided by mutual 
IrfXDiWofqusrrifli. consent. Should they be situated on the lands of two 
contiguous moosahs, the intermediate boundary ia the line of demarqation for each 
quarry. • • 

Nothing wa recorded at the revised settlement relstiog to these qusrries, except- 
QuOTylttid bowTworded ‘"8 t**® quality •>( occupied ty tUe I.ilU or 

at selUemeut. rocky eminence*, where quarries are formed, was exemptcil 

from the maf^^osaret or assessed area, end thrown into suibloee, the wording 
i-koK* (hilly land) being a distinct entry in the minhaeo lists; for iniUtice, in the 
papers of pergunnah Futtehpors the following enthe) appear under this head. * 
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ja.tcnoNfl FAOU tbi ascouDi or gotuioiskt* 


Be^aAs, BUwcAi, 


Qusbeh Futtehpore, 2nd Divirion, 

.. 

34 

4 

Ditto 

ditto, 3rd ditto, 

• A 

12 

15 

Ditto 

ditto, 4 th ditto, 

r- •• 

51 

5 

Mouzah Joutanah, •• — -- -- 

• ■ •• 

413 

2 

Ditto 

Goor-ke-Mundee,-** -- •• 

•• 

63 

17 

Ditto 

Mirzapore, — -• — • •• 

• - 

12 

6 

Ditto 

Kurkoul and Tejpore, Maafee 

villages. 




UoAdj. 


Tb^.'^nly means of access to the river from the several quarrief in this district^ 

is land Carriage: either carta are employed to convey stone, 
Acow to river. vrhen articles made can be rolled in the fashion of wheels, 

draught cattle (buf&loes chiefly) are used. The roads from the quarries to Agra 

are heavy and sandy, distressing the cattle and considerably 
increasing the expense of transportation. The expense of 
making an approach from the cart road to the mouth of the quarry on an eminence, 
is borne by the party working the quarry. 

The following points of information being diverse in their nature in each per- 

ffimn&h, the peculUritits of each pciwnnali are given under 
r«p.i.n.h do«i>l.. perganii»li head. yU. 

PfiAGUNNAn FvTTEtii>onit.—The stone produced in the quarries of this pergun- 

* . nah is considered of inferior quality to that got at the neigh- 

Quility cf itoQs- bouring quarries within the ilhurtporc territory at moussh 

Puharpore, Ac.; it is chiefly ol the description called fail puiAnr (red stone,) brittle, 
not easily smoothened, and soon destroyed by nitre or salt, or the action of tiicatmoi- 
phero and rain. The Trjpore quarries yield a somewhat better kind, which is dearer 
than the rest. Very little of the PuUrhporc stone is used tor building purposes, such 
08 beams, pillars or architraves, requiring to bear much weight; it is sometimes hewn 
into squares, for erecting rough walls ^ith, instead'of brick, or into cyiititiers for 
well bottoms, and other small articles of domestic ''ousumplion, which arc hardly 
aver exported. 

Hie only article made for exportation to foreign parts at the Puttclipore quarries, 

and in whicli the trade consists, is the chukkee or hand 
grinding mill. Several thousands are annually made and 
taken away to Lahore, Umritsur and various towns and marts in the Norili AVestem 

Provinces by the carrying merchant, who purchases from the 
beoparee or local trader, he (the local trader) haung in the 
first Instance purchased from the chukkera or atone-mason. The clmkkera from time 
to time engages with the beoparee to supply him with ^ many chukkees, and receives 
advances of money accordingly. As a certain number are prqtared, they are made 
over at the mouth of the quarry to the beoparee. On the arrival of the carrying 
Partioi sDgased in rtono w®'chant, lie purchases from the beoparee, and makes his 
trade. own airangements for conveying away the chukkees ; thus, 

three distinct* parties are concerned in this trade—the stone hewer, the local trader, 
and the carrying or foreign merchant. 

The prevailing rate charged by the chukkera to the beoparee, ia Ba 20 for a 
^ hundred chukkees, (or 200 separate stones of the requisite 

aa prices. circumference and thickness, each mill having an upper and 

nether'stone.) at all the Futtehpore quarries, excepting at Tejpore, where, from the 
better'descriptiou of atone uKd» it i| 29 rupees per hundred, A further charge of 4 Us. 


Articles mads. 


■Wherssent. 
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1 hundred U then ia*de by the chukken for catting bold in tbe centre of eecb itone^ 
to receive ebe spindle or huidle for turning the mill. The common eeTlIng price p&id 
hj the cnrr^'ing merchant is from 3B to 40 rupees a hundred. The beoparee thus derires 
n profit of irom 7 to 8 rupees on ^ hundred chukkees, or about 30 rupees percent, on hii 
outlay, to cover interest of money, risk, and gain on trade. Thc expense of convey* 
ance to the river side at Agra is from )0 t<r 12 rupees a hundred on carts, and from 
6 to 7 rupees a hundred (about an anna a chukkee) if drawn by buffaloes, or bullocks^ 
roller fashion. • 


Slonehewer’s rotuuneratioa. 


The vrlmlesale selling price of ehukkees at Agra is from 48 to .It^upeei a 
hundred, or by retail from 8 to 12 annas each, thus giving a roDuncratlve profit of 
from 3 to 5 rupees on a liundrcd ebukkees, to the carrying merchant. Qualitj^Of 
stone and weight of chukkee influence the selling price very mutfli. 

The cliukkcra*s or stonchewar's renmneration cannot he so clearly ascertained, 

A head man or con tractor for the qiiarfy sometimes employs 
hired workmen, or he^aml the members of his family work 
the quarry and live upon their labor. It is supposed, however, that he gets about 3 
annas a cbukkcc. A working man makes about one chukkee a Jay, including quarry¬ 
ing and all. 

Chukkees conveyed in carta fetch a better price than those drawn hy cattlSi 

became by the latter mode the stone gets rhi|»ped, |pd is 
0*0 convcyauoo. VenUcred rough and dirty. The process of rolling chukkees 

by means of draught cattle may be thus described: 8 or 10 stones are placed along¬ 
side of each other in a standing position, a piece of rounded wood or } -*\t is passed 
through the centre holes, to thc two ends of which ttaniverse poles or shafts about 
six fret in length arc attaclicd ; to these shaAs a buffaloe is yoked by luetni of ropes, 
and draws the rolling mass behind him. 

A chukkee lasts from 3 to 10 years, according to (he grim dug Jt receives, and 
the hardness of the stone. On!? in daily uschis renovated every '.«vo or three months, 

Tl.d «hukk«,. nr h»t..Iniin K"n<li"g rouRt. with a li«mmer and 

—how iunit it liifeiB-iu chisel. M'hen thc stones become thin and light hy constant 
^ chiselling, they are laid aside and anew chukkee jfurchased, 

Tlie chukkee is almost an indispensiblc piece of furniture in native house-keeping. 
It is met with in the great man's estalilishmcnt, and seen in the poor man's.hut. 
Every hamlet cottage containing a family has its chukkee to grind the corn for daily 
consumption, and if the village bride takes no other dowree to her husband, she 
must have her chukkee. Tiie women of a family, whose duty it is to use thc chukkee, 
love it exceedingly. Thc earliest sounds heard in the morning, in town or village, are 
those of the chukkee, and it i^a certaio indication of want of food in tlic house when 
the rustic's chukkee is silent ^ ** ckukkte nvAcc cAv//cc,*’ is a common mode of ex pres* 
lion among the poorer classes to denote extreme poverty, llcncc the extensive use 
of stone in chukkee-msking. 

1q connexion with tbe Futtehpore quarries, it may be of use to notice the neigh- 
Bhurtpora conUgaous bouring ones in thc llhur^porc territory, at thc villages of 
quarries. Puhiupore and Biognwlee. The former village is eight coss 

from Futtehpore, and the latter about four. 

The stone quarried at these two places (especially Puharpore) is of superior 
O il l cf tone. quality ( it is extensively used in building, and takqn to all 

^ ^ * parts of the country in various fonni, both light and heavy. 

It is commonly divided into two kinds, the iussee (white or bamboo colored) and the 
Ml or red stone. The puMue is the better sort} it is more durable, bean 
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atnoothenlo^ better, if eeaicr worked, and U better in eppeartnee than the UQ 
puthtr.** 

No quarrying la allowed without pernission of the Rajah, and the tax paid to 
Balah'etai. partiea working tbe qoarriea ia, at Puharporet on 

while atone, h rupeea S aonu per 100 rDaunda; on red atone, 
A rupee# 8 annas per ditto Singowlde: on red atone, 5 rnpeea per 100 maunds; 
(no white.) 

TJie charges of the iunfflnratA beside# tbeabore Government tax paid by tbe pur- 

chaaer are, f.tPoharpore, for white atone, 7Rai anna per LOO 
tsaundi; for red atone, 5 rupee# 8^ annas per do. do; and 4 
aniiaa per 100 maunda for loading atonAn carta; at Singowlce for red atone, 6 rupee# 
per. 100 maunda. ^ 

The iungtUriah shapes the atone roughly into the article the purchaser requires, 

(pillars, slabs, blocks, &c.,) and placea it on carts furnished 
by the purcl^naer at the quarry's mouth, and his connexion 
with it ceases. The expense of transportation is related by tlie distance the stone 
has to travel, and l»y its bulk. On very heavy piece#, whirh require stronger and 
larger cart#,- and better cattle, the charge i# fr^ 20 to .10 rupees per 100 maunda; 
t>om l^uharpure to Agra, on lighter materials from 17 to 10. 

The weight of stone is determined by measurement, thus: I me/f>ttree piu, 

MoMuwracnt of stouo to (• ^ English yard,) in length, one-twentieth or 

dotorrainu wttghi. \ Idtwah of the Same in width, and the same in thickness » 3 

seen of red stone and 4} seers oT grey stone. Ry iltls cubic calculation, tlie measure* 
ment of blocks, slabs, tc. is adjusted. 

Great quantities of stone from Dliurtporc are annaelly taken to RIndrabun and 

Muttra for the building of Hindoo temples, dwelling hoasei 
for the native gentry, ghauts, i:c. A good deal is also 
brought into Agra, and tbence, in the wey of trade, lUkcn by water to oUicr places 
up and down the Jumna. ^ 

For the removal of very heavy stone, the jmrrliascrs sometimes are obliged to 


Uses of stono. 


make up strong carts or trucks, and hire cattle to draw them. 

I'sHCUNNAii SuRHBiNoXK.^Thc quaTries in this pergunnah yield bothgrej and 
red stpnc. All the grey is considered of one quality, and goes by the n^c of m/aitl 
put Aw ; but the red is classified into T^Ueca and Atveta, The following building 
unite rials are made at these quarries. 

—Pillars, or post#, circulaf or square, of sisci. 

Putteca ,—Flat oblong blocks or slabs used for architraves, lintels, for doorways, 
cornices, &c., according to thickneas and dimcosioxisj^oiiimon size 7 feet long, 3^ 
feet wide, 2 Inciies thick. 

Jcel .—Narrow slabs for window shades, balconies and stairs; generally tlun, and 
not more than a foot or 15 inches wide; better cleaned than the puttees. 

C'AowitaA.—Square or oblong flags used for flooring, roofing, &c.i the common 

dimenvlons being 5 feet long, 2 wide, and 1 or incK thick. 

Tbe sungturash's charge (or be who contracts for the supply to the purchaser,) 
at the quarries, 7 rupees per 100 mound# for grey stone, and 5 rupee# per 100 maund# 
for red. 

CAtf wAuAe are mostly in demand for Agra, and these are porehiied from the hewer# 
on the ipot from 1^ to 2 anna# each, or from 2 rupee# to 2 rupees 8 annu per score* 
Beoparees or dealers, generally contract for them at 10 rupees per 101) maaodi, and 
allow the putwuee of the tillage ^ anna or so ia the rupee for watching theirintereiti. 
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Chowkahs Mil At AgrA from 6^ to 7 rapeet a score, or 45 to 50 npecA per 100 
niAundi byveight, 

Thf carl hire from these qoArrief to Agre U t^om 15 to 18 rupees per 100 mdt. 
A foar*bul1ork cert conre^rs Abo|^t 30 mAonds. The selling price of Jugnnir stone At 
Agre commonly is, for hesvy Articles* from 35 to 40 rupees per 100 raeundi. In the 
reins, when supplies trc stopped, It is higher.* At Agrs, many smell Articles of domes* 
tic use, such es platters, eups, water troughs, are made of the Jugnair atone by 
the sungturAshes, and sold in tlie bazars* OrnamcntAl piilsrs, trellis work, for honss^, 
&c. are also thos made, bat none of these articles are ever made ot the qutfrics. 

On an average of three years, tf?o quan^r of stone from pergunnah Surhelndce 
brought into the ^ty of Agra, i#^out S^^oosand maundi a year, and above G 
thousand maunda taken to Muttra. , 

Many foreign purchasers do not resort to these quarries; the trade seems to be 
confined to the city of Agrm Carrying merchants take Urge quantities of slabs from 
Agra to Deb lie by water, and to tlie Dooab and^ Trans^aiigetic rrorinccs of Itohil- 
ound by carts. • 

Pbaguknah Fuaaar.—T he red stone is alone found in the quarries within this 
pergunnah. The articles made from it, and chiefiy for local use, (Ac. in the district,) 
consist of the chukker, or hand mill; the koloo, or oil and sugar milt; the khandeh 
or enf, or squares used for bricks, for wells, walls, &c. ^ 

But the clmkkce is the prlncipnl article made. The sungturasli or chukkera’s 
charge at the quarry's mouth is 20 rupees per lOO'as In Fultehpore. He sells at 
25 or 20 rupees per 100. Oil or sugar mills arc from 12 to 15 rupees ^ Aih: e»r, or 
squares, nt 8 annas a liundrod, in talc. « 

The distance from Dhauowlec to Gow Ghaut on the Jumna (10 miles west of 
Agra) is five coss, from Nimmiah seveii cois. * 

Chukkees are commonly rolled to this ghaut by bulfaloes, ' r bullocks os above 
described; all other articles ari* conveyed iiucnrts. Tlic selling prices at Guw Ghaut 
are for chukkees,~33 rupees per hundred; for koloos,—18 to 20 rupees each; for 
kbandch,—5 ru|)ces per bmidred. 

Chukkees from the Nimmiali quarries are about 2 rupees per 100 higher than 
those of Dhanowlce, ou account of the greater distance from the ghaut tlian 
Dhanowlee, $ 


Hepout dy W, E. Money, Esa., Coixector or ZtrjxH Mirs^apore, vpon the 

Stone Quarries in that Distaict. 

/Von W. E. Mokey, Ena., Collector of Mirsapore, to E. P. Suztii, Esa., Conn is- 

Mionor 0 /JZmiive, Otk Ghuse^pore, Xo. 2il, 

Sir, 

‘With reference to the instructions contained in the minute by the Lieutenant* 

Governor, North Western Provinces, dated 30th January, and received with your 
letter No. 52 of 0th March, relating to the stone ikekalo of this district, I have the 
honor to submit the following information, which 1 trust will answer the desired 
pur|)ose. 

2.-^With the view of exhibiting the amount of revenue derived by Government 
from the stone mehals, 1 have the honor to subjoin a statement of the yearly amount 
realized since the separation of this district from that of Benares, under the operation 
of the duties established by B^ulation 11, of 1800, 
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Bats. 


JUMMA 


From Nor. 1030 to April 1031» Kham Tehieci, ' •• •• 

May 1831 to April 1832, ditto, •• •• •• •• 

May 1632 to April 1633, ditto/ . 

May 1833 to April 1834, ditto, . 

May 1834 to I4th March 1835, ditto, •• *• 

ISrJ' MaKh 1835, to 15th ditto 1836, Rugber Dial, &c., 
farmcra, •• •• —- •• -- —« -• •• •• •• 

16th ditto 1836 to 15th ditta|A^7. ditt^ -« •• 

16th ditto 1837 to 15th ditt^Sd, dift^ •• •• 

16tli ditto 1838 to 15th ditto 1839, ditto, -• •• -• 

lOth ditto 1839 to 15tb dUto 1840, Rham, •• •• •• 

16th ditto 1840 to 15th ditto 1841, Mr. Meiiais, farmer, 

16th ditto 1841 to 15th ditto 1812. ditto, . 

16th ditto 1842 to 15tb ditto 1843, ditto, .. 

16tli ditto 1843 to*15th ditto 1844, Prag Dutt Doobey, 
&c., aupoordan, -• -• •• •• •• •• -• 

16tb ditto 1844 to 15tb ditto 1845, ditto, 

16th ditto 1845 to 15cb ditto 1846, Prag Dutt Doobey, 
&c., farmers, •• •• •• ... •• 


II 

U 

o 

M 

ff 

4 

»» 

91 

H 

99 

»l 


SEAUXXD. 

Ra. 

A,P. 

22,131 

6 r 

29,823 

0 1 

33,587 

15 4 

19,372 

1 0 

17,800 

9 4 

32,001 

0 0 

32,001 

0 0 

32,001 

0 0 

32,001 

0 0 

24,146 

10 6 

28,500 

0 0 

28,500 

0 0 

28,500 

0 0 

28,500 

0 0 

28,500 

0 0 

29,500 

0 0 


r, 


3. —Por the first four years the mohali were held under kfaam management, and 
the duties collected by Oorernment aervaDta, aa preKribed by the abore Regulation: 
but in March 1835, they were leased out to farmers, and with the exception of one 
year, via. 1839*40, the saline plan has been fol lowed up to the present time. 

4. ~There can be no doubt that for many years aubscquenl to the promulgation 
of Regulation II. of 1800, such was the demand for stone from these mehals that no 
ditKculty was experienced id levying the prescribed duties in the usual legitimate man* 
ner; but of late years, the demand from other quarters has so much decreased, that 
the farmers, to enable themselves to pay tlirir jumuia and realise a small profit, hare 
to depend entirely on the monopoly aflbrded them by their lease, and act precisely in 
the manner described io the 5th, 6tb and 7th paragrephi of the Lieutenant-Governor's 
minute. 

6.-^The decrease bu no doubt been caused by the existence of duty-free quarries 
in other parts of the country; and that any demand at all should exist under such 
heavy prohibitory duties as obtained in these melials, can only be attributed to the 
vicinity of the quarries to so many populous cities, where ft cerUdn supply must 
always he kept up. 

6. —The prohibitory nature of the duties now levied are particularly felt in the 
Chunar division, where, under the operation of Regulation 11, of 1800, the duties are 
considerably higher than in Mirsapore. In the latter division cut stone c /«// sires pays 
an uniform duty of 2 anoas and 6 pie per cubic foot, while in the former the charge 
for small atones only is 2 annas and 8 pio per cubio foot. If a atone measures 4 euble 
feet the doty is 4 annas, and for all measuring 5 feet and upwards, the duties are no 
less than 5 annas psr foot. 

7. —Ths reason assigned for the difference is, tb>i the stone of Chunar is of a 
finer quality and texture than that of Mirtapore, and also that the quarries being 
nearer \he river, heavy stones can be transported at a less coat, and are therefore 
better able to hear an iocreaaed rate of duty; but the effect has been, that, excepting 

* Coat of SiUbliiboMit ataouaM to Ul ropeei a month. 
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for npmsire and omAmentsl works, where price it no object, no one will take stonei 
from Chunv et e dut^ of 5 tnnat per foot, in preference to those of Mirzapore at half 
the cost. 

8.—The present farmert, n^io bare taken a five pears* lease from March 2845, 
are four atone merchants of some capital, who share the profits and lost in equai 
proportions, and do not appear to be connected with anp other parties. Thep modifp 
the Government duty considerably to the merebants, who keep on terms %ith them, 
and with those who do not, the enforceineut of the letter of Acgulatiou 11. of 1800. 
is sufficient to prevent opposition. ^ * 

0.—By the regulation, the duti<% upon stone afe leviable before thep are removed 
from the quarry, but the bcoparee«piyio is alt^p^Jy under advance to bis muhajaiT.^nd 
cannot realize the price of the stone till it U sold and delivered, has not the means of 
paping, and is therefore coustrained to keep on term^ with the farmer, who, bp Che 
enforcement of ilte rrgiilation, can put a stop to iils trade altogether. • 

10. —It is thb power, which ctmbics tbc farmer to create an almost eictusive 
moiiopolp of his own, which he elK'cts to the fufl extent of his means. Ifc constrains 
the bcoparccs to sell him stone at the kutclia rates as fur as he has the means of 
purchasing, and only ollows them to remove what lie Vimsclf is unable to take. 

11 . —In return for their compliance, he allows the stone to bu taken to the 
different cbowkeis on th/banks of the river, where they arc prepared for export; 
and the duties, which to friendly parlies ore much modified, arc not levied till the 
stones are sold sml removed. 

12. —Tiie amount of duty remitted is not I he same in all cases, b t the usual 

extent is from Id to \2 per rent, on eominon stone. On or siv.tr mills, it is 

from 15 to 17 per cent. The luUer nre quarried throughout tbc sear, but only 
exported in the rains, at which time the dnllcs arc paid ; \rrrc tin « Icucd nt the 
quarry, as the regulaUon authorises, the trade in this description of stone would bo 
stopped altogflhcr. *" « 

13. —Bnropean stune*cullrrs and large enpltslist*, who dea) in stone of on expen* 
live kind, are not hieludvd in the above coc>|>ronnsc, but pay the full duties autho« 
rized by the regulation. They however find it their intercut to keep on terms with 
the farmers, and by tliis means enjoy the privilege of not paying duty till the stone 
is retnovrd from their working yards, 

11.—The only way to jmiI an cod to this monopoly, provided the fafming 
STStem is conlinued, would be to lease out the m dial in saiall portions to diJTvrent 
parties, each portion to comprise a certain number of tnouicAs, compactly situated, 
with the limits of each efa-;uaA projierly defined. 

1.5.»Thi$ would destroy the power of the present monopolists, and greatly 
benefit the trade, as the competition between (he dihVrcnt small farmers would cause 
them to reduce tbeir profits to the lowest possible standard. 

* IG._It was formerly customary, when a beoparcc wanted to open a new quarry, 

for him to present a tIurAkati to that eOvet to the t^ollector, who gave him written 
authority to do so, but this custom has long becn^in disuse, and be now selects hia 
own loCAlUy without consulting any one save tbc muliajan, who advances him tba 
money to begin. 

17.—'Tbe selection of a piece of ground for a new quarry ii a matter of great 
importance, and attended with much uncertainty, ^ometiraes a good sitqption is 
found near the surface which can be worked with great profit and facility, whilst in 
other places the expense and difficalty of removing the superincumbent strata before 
good atone ll reached, causes the whole work to he abandoned with considerable loss* 

2 a . 
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1 ^.—If iLe stratum turns out a good onct the beoparce has no difficulty in 
ck*(iring his advance and working Lis quarry with considerable profit, but bis means 
do Jiot allow biin to go to uty cousidcrablc depth, and when be has exhausted all the 
stone that can easiest be got at, be usually seeks for a new locality. The depth of 
the quarries varies from b to 2b feet according to Ihc value of the stone, and the 
weans of those who work it. 

lO.^Altliougb the quarry is deserted for a new one, and may be imoccupied for 
^succession of yean, the beoporcc stiU rctiuus a right of property over it, and if a 
larger capitalist, with weans of working to a greater depth, wishes to rc^open the 
quarry, be cannot do so, without first ]mrcliariiig the rights of the original proprietor. 

. 20.-~To show at a glance the inj^ious nadifb of the present cxcessite rate of 
duties on the stone trade, 1 beg leave to siihjoin a statement of the cost and chaigics 
upon a description of stone in common use, by which it will be oliscrved, that the 
duties are 2b per cent, greater than all the other expenses j>nt togetiicr. 

Cost of 2 /MoW, each measuring G feet long, 2 feet broad and <1 inches thick. 

Rs. A. P. 


Stonecutter’s remimemtion. .. 0 -1 0 

Hackery hire,. 0 8 l) 

Gorcmuicnt duty 2] annas per cubic foot, •* •• 0 lb 0 

Toui, I n 0 


2 1. -^Thc duty for the same stone in riiunnr is I rupee, ajid yet the;' arc sold 
with difliculty at 1«124), mul aumetiwes for b*>s uben .i good reduction of dutv c;;u 
be obtained from tlic former. 

22. —I subjoin n list of several sm.all articles not enumerafed in llegidation II. 

of 1S(UI, un nliich a 
sep.^rate rate of duty 
has boon fixed for the 
whole mchid. Those 
nr deles, most of wliicii 
arc in considerable 
demand, do not Bp« 
pear to be Included in 
the compromise allud* 

to in parngrnpli 0, 
10, 11 and 12, of this 
report, but it is not unusual for tlic farmer to sub^lct the duties on some of them for 
a fixed amount, leaving the sub-former, wlio thus becomes a monopolist of the 
article specified, to make bis own collections aud amngemeDts. • 

23. —In compliance with the instructions conreyed in the 15th paragraph of 
the Lieut€nai(t*Govcrnor’s minute, I have the honor to forward a register of 283 
quarries at present open, and of t)9d closed, according to the form prMcribsd. They 
are situated in 63 mclials, comprising 75 mousahs, paying a Government revenue of 
Bs 70,045 per annum, but the semindars are precluded by Regulation 11. of 1800 
(Yom exercising any control over them. « » « 
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iSxtracf 0/ a Report from E. U. C. Mohckton, Esa., Offitiaiiny Depuiy Collector of 
* JUefi<U/(id, Ko, 37lf, f/aled 'Jud Jjiril JHiO, 

4. —The I tone quftnlct 8Ui|p. that there are ten or twelve quarries in moiizah 

Purtohpoor, pergonnah Ikrra, of which only two arc workeil hy merchanta. Tlic 
tehsccldar states four ai the total miml>rr wifrked. There ii no cart road, but only 
•ne fit for foot passengers. Tlie distance is variously stated at from 25 jiiroeba to 
half a koss from the Jumna, to which the stone is carried by men, who make it tliejr 
Uveliltood. The stones arc not weighed at the pit, but sets of c'ght, flfclvc and 
sixteen men are employed Icckah to carry sets of four according to their estimated 
weight to the riser. Tisu«, if they arc small, eight men carry them, if a size larger, 
twelve, and if still larger, sixteen. t)nc stone only is carried at \ time from the ^lit 
to the river, and put on board the boat. The largest stone knowrt to have l»ocn dug 
of late yc.ars was in the Jlauda zillaU; it weighed 15 maunds. was 10 feet long and 
1J feel square, and recpiircd sixty^fonr men (0 carry it. The heaviest stones raised 
here weigh 11 muunda. « 

5. --There arc three sorts of stones found in the Allsimhsd district, (woof 
which find their w ay to market in n manufactured fonii. The form or arc tenood, 

and Mfmd —the latter, whieh is used in the lump as foundations for 

walls. The two former arc used indi.«ctiininati'ly for klitniilois, |uit(ec8, lyirgns, 
hoorsas.lioolsccs.iiichrAs, lohraa, alls, kuuitdees, panellorsui, sung fanalu's and kolhoos. 
The white stone is alone tised for chnkkces, jnntns, and khurnds, as I icing of a 
harder nature; no stone is sold in the neighbourhood of the quarry or »,ver, hut is 
brought to A Hall ah ad, which is (he only mart for it; ot jirtYcnt it is th* I'cforc iinpos- 
Mblc to compare the relative value with that quarried at Mirznparc. 

G.—The terms janta, ehuUee. Iioorsa. selec, dliookn, phttea, ko.liun, khnmha, 
mentioned in Section H2, Begnlalioii Wll. of 1/95, cjipcnr to co'rc«poiul with those 
in use in the market here, whftc chowka. 4a?sn, .nwbbuct. boodwl.’c, luillniddfow, 
khoonth, either seem local terms proper (o Mirzn|iore. or else ron'iiitiite urlieles not 
in the market here. Tlie head ^vorkiuait in (he qn&rr) 9 rupees, (he rest 

from G to K rupees a month. 

7.—The price in the Allaliahnd market vt as follows:—Al ihdioa Ghat lOO 
nmiinda of cither sort U landed in the nii wrought mass a I 20 rupees, tluis. it costs Ui 
rupees to cut, cariT and loail it on hoard (he lioats at Ihirtaliporc On flic Jninna, 
rupees boat hire <0 llulloa Ghat at AHahnlmil. nud 1 riqiec for Isinliiig it. making iu 
all 20 rupees, and is ^sold in the market at troin 22 tn 25 n«pees the lOt) inunuds. 
The dhoka is sold at 5 rupees, or less, the 100 msunds; its sole use u for the foil 11 da* 
tions of buildings, and is found (o be cheaper than bricks for this purpose. Kb urn* 
has from 3 to 7 feet in length, and C inches to I foot sipiarc sell for from 22 to 25 
ri^^ the 100 maunds, and are landed for 20 nipecs. llundgn or hurgn from IJ to 
4 feet in lengUi. and froin^ iiiehca to 1 foot in breadth, and 2 indies thick sell for 
3 rupees H annas the lOU square feet. Of putters for roofing or paving rooms from 4 
to 10 tect long, 16 to IS inches broad, and 3 to 5^inches thick, the price is frpm 22 
to 25 rupees per 100 maunds. Of mehmh, used for paving coiirt«yardj. or for cor¬ 
nices, or supports at the top of khumbas, from 4 to 6 feet long, 2^ to 3 feet broad, 
and 3 to 5 inches thick, the price is from 22 to 2.*j rupees per 100 maunds. 

CAukkef^Tw\y for use, I rnpec. • 

Jaulc-^diiio, 12 annas. 
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Hcor$a —Hied by Hindoos for preparing and roUing their bread on a wooden 
roller* from 1 anna 9 pie to 2 onnu 3 pie. 

Hodiee^K small circular atone for pounding. 

ChunduH —used for tilluk, half an anna. 

XcAfo— the muller for robbing on the all from 10 to 12 inebea long, 1 anna. 

8 inches to 2 feet long, fiom I anna to 4 annaa. 

Svnp /uwh —or weighta for keeping down carpets or placing ngainat doors are 
a^ld in seta of 4, for from to 2 rupees the set. 

KAoc*<Uc—or atone saucer, from 3 to 5 inches in diameter, from 1 tuna 9 pic to 

2 tunas. 

ikAut'ul —or pestle and mortar, from 6 indies to 13 inches in length, from 8 annas 
to 1 rupee. 

PvncAoro^OT stones for supporting legs of chorpojs and made to hold water, 4 
of which are sold in a act varying from 6 inches to a foot in diameter, at from I to 2 
rupees 4 annu the set. 

S.^The fort of Allahabad and other old buMdinga in the city bear teitlmony to 
the durable and cicellent qualities of the tv/aid and pdaAet stone for buildings. One 
sort, called dhooiur, is decidedly bad for these pnrposci, and is speedily destroyed hy 
salt, os would appear* from tlie rapid destruction taking place in the magnificent 
Baolee attached to Sultan Khooiroo's garden. 

O.^Tho only places that seem ever to have been supplied from these qnarries 
beyond their immediate neighbourhood for agriculture 1 purposes, (as cliukkces, koU 
hooi, &c.,) arc Lucknow, Cawnpore, Ilumecrpore, and Allahabad.* Khombas, &c. 
were sent to Cawnpore and Ilumecrpore for the use of (jOTcmment only, when the 
buildings in cantonments were being constructed; those sent to Lucknow were of 
great sire snd required for some briilge. Since then the only place which has been 
supplied from these inch.ils is Alluhabad. 

10.—No competition, iiotwitbstaiiding the duty, can take place with Mimpore 
for icvernl reasons. The first is, that the stone of that place is better to the extent 
of 5 rupees in every hundred maunds. The Mirsapore atone is found good at the 
surface, whereas at Purtabporc it is found good only at nn arcrage depth of 25 feet. 
The earth is first dug out to the di^pth of from 12 to I f feet, the bad hard stone, called 
dhoka, is then blown away with gunpowder, till Che golabce and sufaid make their 
appearance, and after all it is a matter of cliance and good hick if it turns out of a 
good quality and tit to be worked. The boat hire from Purtahpore to Allahabad is 

3 rupees, whereas from Mirsaporc to Allabalod it is from 10 to 10 rupees the 100 
mnunds, which difference would prevent the Mfrupore stone from finding a market 
at Allahabad, wherou the Mirzapore atone being of better quality and found on the 
spot at a cheap rate, notwithstanding the duty, would prevent the stone of thi^dis« 
trict being sent there or any where bdow it. The quarriers assart that, if the duty at 
Mirzapore were removed, and that tlicy were to quarry oMfirzaporr. they could not 
bring 100 maunds to Allahabad, at a less rate than 30 rupees, without profit, whereas 
they I*.!! their own stone now at from 23 to 25 rnpees the 100 maunds, toking a profit 

* Ths quarries at I'urtabpore hare been closed for the list «i months, owidr to the sroot depth 
the stona Is found at; aod the mereUaoU procure their sup mUci from the Duodleeund diilricte, 
about tfro mdci furthor off, v hence it is procured at the wune cost, but with this diflbrenco thst 
here thej bare to make advtncas for qusrreius with tho risk of ils tornluf out bad, nberoM 
than they sot it sood witliout trouble and ready quarried. 
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of from 2 to 5 rupoM. Cownpore it oppirently more or lees euppHed from Mimporo; 
tD this wajfc the quelitj of stone being superior and the articles of consumption small 
and few, thej are placed on empt/ Wtnm boats and are found to be more profitable, 
even though brought a greater ^islancc than the inferior stoue of Allaliabad. Burgas, 
however, are sent to Cawnpore, nfi Allahabad, from fianda, at a cost of 12 rupees per 
hundred. • 

IK—Raving answered all the queries contained in the above letter regarding (he 
atone mehsls in pergunnah Barra, and it being evident from the minute of t)ie 
Hon'ble the Lieu ton aiU-Governor regarding those tit Mirraporc, thnt all the informs* 
tlon possible on this subject sboulu be collected* 1 have deemed it my duty to 
make enquiries regnrding the stone found in other pe^innoha of this sillah, aiuhbeg 
to subjoin what I have been able to ascertain on the subject. 

12. «Stone is found in several villages immediately on the banks of the Jumna in 
pergunr.ah Atherhun, and Li pergunnshs Arail and Khyragurh, at distances varying 
from 1J to 1 j koss from the Ganges. 

13. —The s?mindnrs do not seem to raerdse any fight in the mehals in these 
porgunnahs, and tho Governutent, either formc^r or present, have not done so. The 
country people dig out the stone os they require it. It is mostly of inferior quality, 
and is not worked by the stone merrlinnts. If nny good pieces arc found, they are 
mode into chukkres ninl jaiitAs, and sold iwthc neighbourhood. Tlic only apprgxiina* 
lion to an ctercise of right of possession seem to iiavv been when Lieutenant Sharp, 
about 7 years back, blew up nnd carried dway some stone from mousali IVckur, per* 
gupnah Arail, when Mussumat Olcea Begum complained to Mr. Monty* mery, who 
referred her to the Civil t'ourt, but it does not appear thnt she thought i' worth while 
to go there; however, Licutensnt Sharp paid 4 rupees for every mauuds he 
removed. It is supposed that, tliough the stone at prHcnt found i i ibis pcrgnmiali 
is not good, yet by digging deep a better quality would be fou' ii. The stone in 
mouzahs Payugpoor, Rariignrw^ and llajapoor, pergunnah Khyrayurh, is reported the 
best in timt pergunnah, and *at the somu time nearest the Gar.ges, to which a good 
cart road leads. 

11.—'rhe names given by the people to the different sorts are os follows :—In 
pergunnah Khyragurh—doodheea, bullooa, and kukura. The doodheca is found pretty 
good Af^r digging through fire yards of bad stone; the bullooa is of bad quality, 
and U used cbietly for walls in the lump; the kukura is also pretty good, and is found 
three yards deep, of tolerable quality. The doodheea and kukura are made into 
chukkees and jantas. In pcrguniiaU Arail—doodheea, tcloea, dhoosur, and choorba. 
These, according to their quality, are made into chukkees and jantas. In pergunnah 
Atherbun—doodhees, mutteos, burwah, and a sort of stone with red streaks without 
any particular name, i«ot used. If any good stones are found, they are made into 
chukkees and jnntos. The stone is reported os inferior, and not generally fit for 
buildii'g purposes. 

15._Though there are no means of ascertaining the eraet value pf stone at the 

quarry, as none is sold there, 1 have endeavored to ascertain the coat of digging it, 
which is as follows; eight men can dig 100 miunds of stone of all sixes up to 10 
maunds in weight, at a cost of about Rs. lO; if the pieces ore of larger lise, say 20 
maunds each, taking fire stones to the 100 msunds, the cost will be about Rs. 16; if 
large, the same rates, (i. e., 16 rupees to the 100 maunds,) still hold good. Eight 
nen carry four stones weighing about 4 maunds each, i. e., 16 maunds in all, to the 
river, and place them on board the boati at a cost of oxi4 rupee, which would make 
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about € taftee$ for every lOOmaunds. If tlio four stones weighed 0 m&unils each, it 
would require twelve men at a coat of 1 rupee 8 annas, or about the samo price, i. e., 
(» rupees per 100 mauuds, and so on in proportibii to the size. 

The very small lumps are carried by coolies on tUclr heads, at a cost of about 
two annas for 11) maimds. 

Burgos are carried on bullocks at a fixed price of I rupee 13 annas per 100 pieces. 


Extract Jaom a reporf q/* H. Rosa, Esa., Coi/ec4or of Banda, iVb. i9i, daitd 27ih 

May 1846. 

a 

3.—1 have the honor to forward a register (marked A.) of the stone quarries in 
this district, prepured accordiug to the Ibnn recommended in the minute of the 
Licutcnant-Govemor; 1 forward also a similar register (marked B.) regardijig the 
iron mines. 

3.^The quarries in Banda, arc on the same footing as (hose in Allahabad and 
Agra, ** where the quarries are left entirely to the semi odors, the Government assert- 
ing no cldm to the stones and h'vytng no duty upon them.'* 

A .—1 have forwarded to your address by dAk baugliy ipceimcns of the different 
stones produced in the district, with numbers corresponding* with those in tho regie-' 
ter. *iVo specimens of white Hone common in this district are forwarded; these are 
not number^ nor entered in the register, because that ipcucs of stone is not turned 
to any use. 

5.—.1 forward also a species of lime-stone which is found In tlio rillnge of Root- 
la, in the foreign territory on the border of this district, and from whicli lime, said to 
be of very superior quakty, is made in the villngc of Goorramporc, pcrgunnali Bud- 
dowssa. The Settlement O/licer alluded to this (irenmstance in page of his Sctlle- 
mciit Bejjorf, where lie says: ** at Goorramjiore, in lOddowssa, lime is lAunufnctured 
to a large extent, and is exported to all the large stations and to Lucknow/' 

a ,—The llaja]i of PaturKutchar, to wliom the villugc ofKootla belongs, charges 
for the stone one pice per maund, and pays to tho semindata of Goorramporc two 
dumrees per maund for the right of way through their estate. 

7.—The stone is converted into lime on the area of Goorrampore, and the manu¬ 
facturers ]»ay to the xemindars of Goorrampore from 4 annas to 10 anniu per kiln, 
according to its sue. The lime is sold on tlic spot to bcoparees, who export it to 
different parts of the country. Four manuds of the best lime at Goorramjiore are* 
bought for one rupee. 



APPEmX A. 

e/Stone Uutrrties in tAe DUtriet of Bon^a. 
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»ELfe:CnON8 FROM TUI RECORDS OF GOVERNMCItT. 


DESCBIPTION 

Or THE SPECIMENS OP StoNE COMMON IN AgRA, AluAHABAD, BaNDA, AND MlRZA* 

POOR, BY J. Mu>dlbton»'£s^ F. G. S. 

i 

On MeWing the orders of Ooremment to exominc snd report apon the ctpabi« 
lUIei of the stone used, or supposeil fit, for building in these Pronnces, it becsme 
necesisrj for me to consider whet properties are most suited to ensure durability in 
Btone» or tbe converse. The question has been often discussed by others; and 
though m*h reference to sandstone, the order which I have chiefly to eEamine, 1 
Itare no authorities within reach, 1 am in no ^onbt about the general conclusions 
arrived at. la addition to this, 1 felt desirous of adding such information as might 
be interesting or useful in a icicntide point of view. Amongst tbe qualities that are 
m6it essential to the durability of sandstone, exposed to atmospheric influence, are 
to be ranked compactness and uniformity of structural arrangement and strength of 
molecular constitution. Amongst the properties which have an opposite tendency, 
msy be ranked the preteucf of peroxide of iron, the red colouring water of ot# sand> 
stones. *WbereTer such stone is used, tbe evil influence of this substance soon 
manifests itself, producing disintegration of tbe surface of the stone. In the Agra 
College, during tbe rains—^or it is then that tbe destructive acUvity of iron is most 
conspicuous—pinches and baodsful of red, almost impalpable, powder arc constantly 
falling from the roof. The palace in tbe Fort at Agra, especially tbe eastern front, 
Affords striking evidence of tbe same destructive influence, tbe ornamental tracery 
being there almost entirely obliterated. Sirail a ^defacement is likewise observable 
on the elaborately decorated buildings at Futtehpoor Seikree; and, what is still 
mors lamentable, that tingulnrly beautiful and unique structure, the Quotab Minar at 
Behlie. begins to manifeat similar symptoms of ineijiicnt disease. Around the inner 
margius of the upper galleries, where rain*water lodges, exfoliation has begun, and 
scales of tbe stone may be etript off and pnlverised i>etween the fln^r and thumb; 
a ribband of tome cement impermeable to water, miglil serve to reta^ tbe process of 
decay. 

Another cause of decay in stones is ready absorption of water, which, when 
imbibed, by constantly expanding and contracting through influence of temperature, 
tends to unsettle or overthrow the molecular arrangement of the stones. In general, 
this element of destruction seems to coK>perate with that considered in the last para¬ 
graph, BO far at least as dislnt^ration of surface goes. 

In order to test the qualities of stones in the respects just adverted to, it 
became necessary to analyse them, or rcpreseutatlves of groups of them, accurately; 
and they being mostly silicious, a steel mortar became indispensable. With this I 
have been unable to provide myself, Native and European workmen, though under¬ 
taking it in turn, having alike failed in making one; and u the report on tbe quar¬ 
ries will writ for me no longer, this notice appears deficient in at least one important 
respect. 

In ascertaining tbe absorbing capacity of tbe stone, the specimens operated upon, 
which wen mostly small, as will be seen 4rom the weighings, were all steeped at some 
distance nnder water for 48 hours. The period seemed, as proved by experiments per¬ 
formed with that view, to be sufficient for saturation. In tbe computations, tbe 
water displaced in grains troy is taken as tbe unit. 

There is always considerable doubt attached to rMults from experininti perform¬ 
ed to test the cohesive force of stones, i. e. resistance of stones to cruibing pressure; 



4 






































SK 1 .SCT 10 NS rBoy tsb rscojids or oorrxKMsin'* 


m 


nnd Blthoiigh hj etre that the epedmeni operated upon were exactly of the lame liio 
and condition, and faithfel rcpreientatiYei of the rock, aleo that the appUcationa of 
the eruebing force were always in the tame direction with reference to the plane of 
atratification, such doubt might he mioimUed; yet the same care in placing the stooei 
In the bailduig could not be eafried out, and the practical bearing of the expcriinenta 
is therefore but euall. It may lie safely admitted, moreover, that, with reference to 
the itoncs now under notice, if they fail, it will not be through defect of power to 
resist pressure; and 1 have not on these grounds thought it necessary to expose the 
i^cimeni to tests of this nature. • 

1 have divided and arranged the rocks in series, according to the Tocalities in 
which they are found. The tabular statements give the results of experiments, and 
the preparatory observations are descriptive of the appearances, of the ito^e. 

The arrangement by which large ma^n of stone are moved from place to place, 
is represented in the |>Ute annexed to this n<Ac. It was sent to me by Mr. E. II. C. 
Monckton, from Allahabad, together with a description given below 2 * and as 1 have 
myself seen it eznjiloyed elsewhere, can bear wkness to its cfKciency. 

I have not taken the weights, directly, of the larje specimens sent me, as no 
useful comparison could, without eapense and wastelof time, be made of the results; 
the specimens being, with exception of the Agra and Blmrtpore ones, of different 
sixes, and though intendsrd to be cubes, yet being far from accurately so. There is, 
however, lufRcient data in the tables for computing the weights, bearing in mind 
that a cubic inch of water at centegrade weighs 2o2*0g2 grains, and ^hat the den** 
lity of water at 4^ : density at SlTf : : 1 : lip,099. The computatioM have been 
made, ond appear in the tables. 

It is [iroper to observe thst information derived from facts calculated to give 
direction to sny enquiries and completeness to their resultSMwas almost totally want- 
Ing to me. It is usual in Europe, when stones of good quality are required for the 
erection of expenuve buildings, ^ lately, in the rase of the British houses of Par]ia« 
ment, first to seek out proof of durability as afforded by existing ones, and then to 
determine the constitution the material of which they are composed. This mode 
of proceeding is obviously necessary to j^ve inimediaU practical value to such enquU 
ries. If, however, the following results be in so far defective, they. It is to be hoped, 
still have a value independent of this, and vrill, moreover, be ready for practical appU« 
cation, when such may be necessary. 

Au.sHAnAD Boexa. 

Arail serie#.-^No. 1.—** Doridheea'' of the miners, and marked in my specimens 
as ''4th sort,'* is a coarse crystalline quartaose sandstone. 

* Am tlio fadlity whiob larxc of otoM an movod, without inwiiaaioal ud, iu tbene 

and other qxiamn, rosy not bo geusnUy known, and a^ tho method adoj.tod may aid in fhrmintf a 
solution of the difiicalty in accountioB for tbo oowUrDetion of tbc pyramiiK and oili^ snctoiit iMiild* 
1(108, 1 havo much plaasure in suhjmuiiix it. A UrsD ttooo h faxtenorl M^uruly on oanh Mdo in two 
Iona sod strong poles or beaiu^ whicli a coiisidenhlc dUUiivo iu advance, sad bohind it; on 

tbsM are anaio bound oroMS pioocM, and 00 thoia other Mhort cron to which tbo buren apply 

thoir ibouldsrs 18 in curyina a |«lkee. Tho polca are proirmaod by id<filiona>uooM bang tied 00 , 
and the crow pieces oxtend nocordioa in tho veij^i of iho^^no. If very woifthty, in addition to the 
|KdM lengthways, othara arc placed aerow it with thin ctosh piscas, wbioh can also bs estandsd to 
any amount proportionate to the wsiriit; so that there u 00 alone, of wholovor wdgbt, used In Hliitd> 
iog, that 001 Id not bs carried alons soy diUnace. without any other apparatus being nooMUry thou an 
exterwion of tho orom pieces; ssd if thus oom tbst e»uM oot in like msnuor be esrriod up an 
inuliood pisoe and doponted as they aro b tlio pyramids, Ac. It is oomputod that on inwveru^c tbo 
npparitus weighs half as much ts tho atooe itsrif. 

t Ills (ooiicrstare of my esperimeale. 
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No. 9.—**Chooree«» Ut tort.** Belongt to the same ciMi u No. I ^ is more 
compact, and b of a (unt pinkbb tinge. 

No. 3.^'‘Teeteea, 2Dd aort.** A coaiMr rock than No. 2, and finer than No. 1» 
belonipng to the eame clau. It baa a alightlj crenulated appearance,' probablj daa 
to tbe earthy and nncrystallixed por^ona bdng waebM ont by percolation of water. 
There are dbtinct mavki of atratificatioi^ in tbb rock: ita colour ia deeper, and more 
eartby than that of No. 2, and it looks as if somewhat brittle. 

No. 4.^**Dhoosur, 3rd sort.** Tbb rock belongs to tbe same cliss as the former 
Tocki i it is, however, of much finer grain than either of them, and his a peculia|^ 
soft and subdued buff tinge, which would look very well in a building. There is 
evidence, however, of minute patches saturated with iron being exbtent in it; and, 
if th^ be so to an; estent, they constitute a dbease which will diminish its value as 
a building stone. 

Kyraffkur eeriee.^No. ).—*'Doodheea, 1st quality.** A quartsoie rock, very 
compact, and of agreeable colour. 

No. 2.—"Doodheea, 2nd quality.** This rock is of tlie same order, and similar 
to the preceding, but of coatser grain. 

No. 3.-^** Bullooah, 2nd sort.'* Tliis rock ii much of tbe same character in 
respect of structure ss No. 4 of the Arail scries: in it, too, there arc symptoms of 
incipient disease through presence of iron. It hu a slight yellow tinge also. 

Nc. 4.~*'BuUoosh, 1st quality.** This rock is well crystallised, and very 
compact on the wltole. is, however, pitted here and llierc by portions of 
uncrystallised eartiiy matter, wluch prevents it from taking on a smooth surface. 
It would probably be durable, and look well as a building material. 

No. 5.^**Doodheeci, 5rd quality.** Closely resembling No. I of this scries. 

No. 6.^*'Kukera.’*, Tlib rock b of corresponding character, tliough inferior to 
No. 2 of this series. 

No. 7.'-<*'Btillooah, 2iid quality.** Corresponds in structure with No. 3. It 
wants, however, its yellowish tinge, and so far as rny specimen informs me, it b free 
from the patches of peroside of iron remarked in tliat rock, it has a bluish tinge, 
which is winting in the other. 

No. S.^^'Doodheea, 1st quality.** This b the most compact and handsome 
rock of this series: but as, in the specimen, it was marked the same u another 
specimen far inferior to it was, vis. Bullooali, 2nd sort,** it must be left to the 
general report to assign to it its proper place. U approaches in appearance to No. 2 
of this series, but b more compact, and with, at the same time, distinct marks of 
stratification. 

Sara aertes.—No. 1. A compact serai^crystalline sandstone, of a dull reddbh 
tinge, freckled with minute black spots. It b marked in my specimen **Doodheea, 
No. 3.** 

No. 2.—*^8ufeid, Ist sort.** 8iddstone, with dbtinct laminar shades, tbe gene- 
Ttl effect being a rose colour. Whj it should fe called ^^sofaid,'* it b difficult to 
conjecture, unless on the supposition that there has been some mbtake in the mark¬ 
ing of ti^e specimen. It woold m^e a handfome building stone. It is somewhat 
less compact than No. 1. 

No. 3.~'*Goolabee, 2nd sort.** Like No. 2, but Isis compact, and deeper in 
colour in tbe small specimen, indicating the presence of a greater proportion of iron. 
The largsr specimen, however, differs from thb, being almost white. 1 presume, 
therefore, from the name, that tbe smaller ^ledmen represents the rock. 
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* Atherhun series, —No. 1.—"Doodheet, 1st tori.** A compact fen i^crjitalline 
unditone, of an agroeaUe light colour, with faminar markings in the imall, but none 
in the specimen. « 

No. 2.—**MTittee Bullooab^ lat sort.’* Like the last In general atructare; it if 
of coaiser grain, and looks somewhat brittle* 
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801.5 

978 

695.5 

i«87 

5^7-71 

.057 

B. 

S7S 

006.5 

366.5 

e99.0 

9.97 

598.94 

.064 



4 

, ihrr/i Seriu, 




1. 

797 

4t7.0 

999.3 

746 0 

9-49 

611*56 

>079 

9. 

OS6*5 

6H9 

399.3 

1010 

9*48 

683.71 

.050 

3. 

909.S 

539.0 

363 

994 

9.49 

686.41 

.059 







• 

1. 

lOOO 

691 

439 

10695 

9.45 

$18.91 

•059 

9. 

1066.< 

623.0 

44.1 

1099.5 

9.41 

$0$.5$ 

.059 


Banda iS’en'ei.*—No. 1. **Mousah Pnrdanwan." Sand'ftone, eonpac^ and 
eltgbtlj micaciousj colour dullish red. 

No. 2 .~**Moa 2 ah Maheepoor Bumha.* Much the eameas the last; colour 
more eartbj, and not micadoos. 

No. d.-p^^Mooeah Rowlea, 2Dd eort.** like the preceding; colour 

more lirelj. * 

No. 4,-^**Moiuih Borjaree, 2nd sort.** A fAicadoue sand-stone, of a^rjiUeh 
tinge ID the large specimen, but whitish in the small one: the specimens are probably 
from different rocks.’ 

No. 5.*^*‘MoQaah Purdaowan.** Resembling No. 2, 

* With excepUoa of Bcu A A 9 end lA the nail ipedacm of this sms agree with the Urea 
onei in oaaieoBiy* 
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Iifo. 6.—" MouxaJk Mundjan Doodbeea." A duU red micacioui eanditoue, 
stratified. 

No. 7.^'*Moufah Bur jar ee Kulau." Clo|elj retembUitg No. 1» but of deeper 
colour. 

No. ft.—“Mouiah Girampoof.** Limeatonc,-unfit foj building purpoeei, by 
reason of its Incompactncaa^ but more fitted by its purity to make excellent lime. 

No. 9.—A red-coloured aandatene,^ tending to crystallisation. 

Beal del the tbore ipecimeiia. one of clay iron atone waa forwarded to me, which 
analysia gives 52 per cent, of peroxide of iron. The product is not, however, 
nicely to be of first-rate quality^ as the usual ^proportion of nanganese is wanting. 
The ore hu a strong earthy amelh and looks slaggy, aa if it had been exposed to 
great'beat. 

Tubtt 0/ fe. 


it umber 
of 

sped men. 

Weigh 1 of 
tbe iMc'h 
laoa ary in 
gralDi. 

Weight 
In , 
water. 

Masii of lbO| 
ipeciincj in 
l^aiiiiof (lis* 
tilled wafer. 

1 r 

1 

Weight when 
ratareteal with 
water. 

' Speeifle 

1 

1 

1 

Wulght of 
an iju’h 
rulie iu 

1 

Absorbing 
power, tUu 
miuM of tlic 
tpueimnu 
Ming 1. 

1. 

SBS 

s 

404 <5 


s 

' 704.6 

■a 

1 

619.91 

.081 

9. 

me 

S31.6 


1169.6 


009.06 

.097 

3. 

093*3 

S3U 


904 

K&a 

601*99 

.loa 

4. 

697 

479.3 


6.%7.& 


699*69 

.088 

5. 

1900.S 

no 


1936 

■S[fl 

619*79 

.061 

6. 

)a73'5 

«20 

556.6 

t4U9.9 


693.86 

.001 

7. 


6o6 


1073 

iHlIfl 

607*79 

.081 

a. 

067 

691.0 


1011.6 

1 9.50 

6X6.76 

.0^ 

a. 

604 

407.6 

1 S30<6 

999 

! ' 9-19 

1 : 

001.99 

.031 


M'rsopcre <Srri>«.*~No. 1.—*' Mine of Uawurjaral^' A compact sandstone, Ugbtly 
micacious. 

No. 2.—^ Mine Rodraj Putwarry.” A sandstone of finer grain than No. ), but 
reddened by presence of iron. These specimens show tendcticy to crystalliaatiou; 
No. I, more distinctly tban No. 2. 

No. 3.—*' Mine of BUuwaoceporc.** A bluish coloured sandstone, distinctly 
crystalline. 

No. 4.—A granular sandstone of rather coarser grain, and tomewhat brittle. 

No. 5.—** Bhooripoori mine.’* A semi-crystalline sandstone^ colour bluish grey. 

No. fi.—** Potpurria miuc.** A sandstone of very fine grain and compact, with 
laminar markings; colour a rich buff. 

No. 7 .—** Dooreca koke nune.*’ A compact qnarUose rock, of a bluish colour, 
with minute black specks, of what appears to be hornblende. It is also slightly iron 
abot. 

No. 8.—*' Soanke Teree ne.** limestone of magnesian constitution, the pro¬ 
portions not dbtermined. This limestone is exceedingly compact, though somewhat 
earthytVid coloured deep black by iron, with probably organic matter. It breaks with 
difficulty, andshovm no difference of weight, when strongly dried, in a sand bath, and 
af^er two days' immersion in water. It would doubtless be found a very durable atone 
for architectural purposes; but it Is disqualified by Its colour, on which latter account 
1 liave ifot thought it necessary to enter into a minute analysis of it. 
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No. 9 .—** Rod raj Putwarry.** A compact aandstonc, of a light and \ire)y red 
colour: of ^ia, and the two following apecimene, 1 bad bni email portioiu aent ine« 
and the> do not therefore appear in ifae table. * 

No. 10.—*'Potporna.” A red roae-coloored aanditone, enriche<l by fine and 
diatinct laminar markinge. * 

No. ll.^** Tereea.'* A whitieh and cogne cryatallme landetone. 


ToAfe of WtighUt 


Number 

of 

spcHmen.; 
% 1 

Wdgbt of 
cho specimen 
«iry rn graiiM. 

M\*ishk 

in 

wakr. 

Mass of Uie 
s|iecinicn ia 
endna of 
lillud water. 

Weight when 
satnraktl wlib 
water. 

1 

Specific 1 
gravll/. 

1 

Weight fir 

an Inch 
cube in 
grmlaf. 

4 

Abaorbiog 
power, (lie 
ma«| of iho 
a|iaatuioii 
being 1. 

a 

1. 

559*5 

334 

095*13 

507*5 

9*40 


*U14 

a. 

370*5 

■sm 

63U99 

^30S 

9*50 


*031 

A 

063*5 



074*5 

. 9*46 


*010 

4. 

997 $ 

mstM 

084«64 

« 10)9*5 

9*59 


•015 


099 

509 

094*00 

000 . 

1 9*40 

263 

*019 

A. 

690*5 


037*97 

701 

9*53 

273 

*010 

7. 

e0i*5 


1 

049.03 

600*9 

9*95 

346 

•007 

a. 

1060*5 

wm 

• 6$3*33 ' 

loco.5 

9*71 

894 

«ooo 


Af/ra and hhurtport I.—** Buniee Beharpore Bliurtpor^.” Aiemi- 

crystAlline Band a tone, of a light fieah volour, with indiatinct markings of ratification. 

No. 2.—'* Haopliai Bhurtpore.** A iingularly beautiful granular i*andatonc> of 
fine grain» clouded cream colour, with minute sparkling points of mica. 

No. 3.—“Agra Mouaah Joonaneb.** A liver-coloured sandstone, somewhat 
rclievtnl by minute yellow circular specks and fine lammar mark* tigs. The stone is 
nearly of as fine grain, but is l<^s compact in structure than No 2. This specimen 
is so perfectly identical in appearance with No. 6, that it is dilficult to believe them 
otlicr than products of the saute <juarry. 

No. i.—‘Mthurtpore Roopbas.’* Similar to No. 3, but wanting in the yellow 
Bpccks. 

No. ft.—“ Bhurtpore Bnnsee Bcharpore.” Vide No. 3. 

No. 6.—“ Agra Tajpore.^ A granular sandstone of fine grain, handsomely 
striped with cream colour and light red, and dotted like No. 3. 

No. 7.—“ Bhurtpore Eoopbai.*’ *A harsh. semi^ryitalUnc sandstone ^ colours 
liver and soiled yellow, irregularly disposed. 

Table of WeigbU, 


Nambct 

of 

specimen. 

Weight of 
(bcapecliuen 
dry ip grstoa 

1 ^ i 

Weight 

in 

water. 

r 

Man of the 
tpecimen in 
grains of die*, 
lilied water. 

Weight when 
satarated with 
water. 

w 

Specific 

gravity. 

Weight of 
an inch 

CQbeia 

graina 

Absorbing 
power, the 
ntau of the 
epecunen 
being 1 . 

1. 

030 

463*5 

359*5 

1 

355 

9*37 

597*53 

•098 

9. 

699*5 

409 

353*5 

047*5 

9*83 

560*99 

*030 

A 

890 

511 

379 

009*5 

9*89 

691*09 ' 

*097 

A 

704*0 

441*5 

313 

780*5 

0*37 

599*38 

*091 

5. 

090*9 

474*5 

364 

354 

0*34 

939*60 

*081 

0. 

085*5 

470*5 

390 

050 

9*35 

591*30 

•018 

7. 

1193*5 

016*5 

409 

U5t*5 

0*34 

090*68 

•090 





















200 


■■LSCnOKS VEOM m UCOBM of GOVfBMnNT» 


QHoiab Minar^^li maj be iotemdii^ tod ilso asefiil in retpect of reference, 
to introduce here e deicHption, correeponding with thoee g^ren aboroi of the etone 
forming the cruet of the QuoUb Miner at DebUe. Thie building, being probeblj 
about eia centuriee old, giree eetiefectory erideoce of the durahiUty of the material 
of which it ie composed. 1 bare bad no ipecuneQa bf the Dehlie rocke sent me, and 
hence there is no report on them. The fragment which is here examined, and which 
1 know to be genuine, belongs to my own priraie collection. There b no doubt, I 
think, but tliat the bodj of the pillar u made up of the strong qoarts rock found 
abundantly in the neighbourhood, and whieb, from its compactness, and highly 
cr/stmlUne character, shielded as it b, moreom, from direct atmospheric influence, 
will undeteriorated, till the outer sbell has been reduced to dust. 

** Quotab Mincr.**-*-A sandstone of fine and equal gnun, very much resembling 
in this respect the Roopl»aa stone. It is Uver^coloured, with numerous, chiefly round, 
cream-coloured spots proceeding from the aection of spheroidal maseea of that colour. 

Table of WeigkUt 
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in gndfti. 
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Weight 
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water. 

Mcm in 
o^diuiUcd 
wBier. 
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gfivlty. 
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SIS 
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•njccnovt rmox rmz wroitm gov&rsuxmt. 

ON TU£ BIVER ^UMNA. BETWEEN AGRA AND OOREAU. 


TO GOYftWfMINT N%BTa PBOTlItCBI. Bv LlBVTBKANT C, 

4 

DouotAS, Aartiiiuv. 6tk May 1840. 

Hating heart Appointed to tbe imporUot dntj of iDproving the ntTigttion of th|^ 
rirer Jumne^ end a oertnin pordoa of its eoana haflog been pointed «ut4o me aa at 
l>reeent noit neoding Attention, I pibceeded, on thh ICth Htrcb laet, to make lueb 
obeerrAttoni on it, aa would enable mo to propoee meana towardi effecting tbe 
in riow. The portion of the ritrer pointed out to me, wai tbatlyln^ between the <utj 
of Agra and the rirer Chumbul, including, in ifa eoune, no great natural ohitractiobi, 
but vtrj manj of a minor character. Aa the seaaon waa adran^d, I antladed m^lf 
with a curaov 7 examination of tbe ataie of tbe rim, noticing tbe aanda, rocka, and 
other obatmetiona, the direction of tbe main ehhnitel whe^ it brancbM, and tbe depth 
of water when leia than four feeL In the annexed report on theaffiubjecta, 1 aome- 
whet exceeded the liznita auigned me, haring procoedld as far aa Bhudejk. 

2 . —1 iball now proceed to a general description oCthe appearance of the rim 

when 1 viaited It. * 

3. ^The river, aa far aa I examined it, flows aa a smooth navigable stAam of 
little declirity, having neither rocka nor rapids, nor an/ other acriou* impediment, 
which would require the expensive aid of locks, Ac.^ and were allt^'t of the bare, 
bestowed in turning off the large portion of its water to fertiliae the deserts of Bikaneer, 
employed in rendering the remaining portion of it narigable, its imporLance and value, 
as a commercial and military way through the countiy, w^uld of course be much 
iiitfeaaed. 

4. —ThrougbSut this portion, it receives four nullahs; two, the Jbima and 
IJtungai), at present dry: the,other two being the Chumbul and Sinde, afl^rdiug a 
considerable reinforcemenf to ita volume. 

3 .—Every ajtpearance leads me to imagine that the bed of the river la in a nearly 
permanent state. 1 mean by this,^that tbe high hanks which bound the river daring 
the rains are undergoing no material change. Between these banks, which are in 
some places a mile and a half apart, the small stream of the river, during thb dry 
weather, varying in width from 50 ‘to 250 yards, and in depth from 10 to 2^ feet, finds 
ita tortuous way, at rimes divided into several channels, at times spreul over a consi¬ 
derable space, and generally in both eases unable to retmn sufficient depth for naviga¬ 
tion. Its declivity is small. 1 had neither time nor instrumenta for aacertrining the. 
amount of this; but from the velocity and body of water, I find it by calculation to 
be At the Taj, when I took Section An* I in 11,390, or 5*5fl inches per mile. At a 
nule below Bickrampoor, where 1 took Settion B., 1 found the slope, by calculation, to 
be 1 in 18,407, or 3.44 incbci per mile; and immediately above tbe junction with tbe 
Chumbul where Seeiion C. waa taken, 1 found the slope of aurlaea 1 In 5,417 or 11*69 
inches per mile. These calcularions refer of coarse to tbe particular point lu ^nesti^,^ 
where the aecrion was taken, and where the channel waa straight; but the slope at 
the ends, Ac. imut be more conaiderable to overcome the reaistanoe to motion at these 
parts. The surf^ velocity is generally about mile an hour. ^ 

* For them Seciioos, riie Ulhofrsphed 8k«tdi appeoded to iUi docamonh 
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C.—4!)a companng the abore matt#, we obsem that the Jeclivity (bllove tlie 
uiual Uw, being teai ai we deacend; bat there u a eonilderable anonalj, in the ilope 
joat above the Cbombuh which ia, howerer, entifelj loeali and aecoonta for the nuraer- 
oui eandr and ihtliowa there. Thia will again be reverted to. 

7. -»Tbe banki are, on one tide at leaat, Invar^ablj perpendicular cla^ ; in 
eome placet 110 feel in height. The river during the raina riaea ao aa to admit of no 

path at the foot of the cllA, which obligea boat! tocroai to tbeoppoaite lidci 
Mmetimet oeeaaioning a conaiderable dela^, ahould the winda be unfavorable, end 
generally * loit of about half a mile in dlatance from the alrengtb of the current. 

8 . -~Tbe channel during the raini ia comp^tivelj atraight, it being thua enabled 
to dearer a greater body of water in equal time, becauae of ita increaaed alope and 
coniequent greater velocity. On the.falling of the river, it maker for itaelf a new 
channel, whioh winda from aide to ai^e acrou the old one. It appeara not to have 
continued alwayt, aa at preaent, there having been, to my knowledge, two great devia¬ 
tion!, one at Buttaiiur, where the river,*I believe l&Oycart ago, turning off to the right 
of ita preient hed, flowed over the ground on which the fair ia at preaent held, re-en¬ 
tering ill preaenf bed at Noiwgy Baia, The other it below the confluence on the 
8 iade, the river formerly having left ite preaent channel at a point near Beqwapoor, 
to re-enter it again at Bhudeyk. 

9. —Tlie dry weather current b much interaeeted by land-baiika, which render 
the main channel intricate ; none arc individually longer than half a mile, or of greater 
Jicight above tlie water than two feet: ao that during the rrina they are completely 
covered, and the source of much annoyance. Inataocee of aomc formed by a aunkcii 
boat arc given in the deacriptive catalogue annexed. 

10. -rThc character of the river variea throughout the portion of ita coune 
examined by me, and may be divided iiiCo three different portioni. 

11. —The first portion lying between Agra aod Buttaiaur, liM a surface velocity at 
its head of 1*31 miles per hour: and ameun discharge of 1922*73 cAiefeet per second, 
‘with a depth seldom exceeding six foet. A aection c.^ the bed of thii portion, taken 
opposite the the breadth being 320 feet, ia given at Fipitre A., with the depth taken 
lit intervals, and affording, by calculaUon, the diicbarge given above. Thii ia the por¬ 
tion most obstructed by sands and shallowa, and has no kunknr rocks or shoals. 

12. —The next portion lying between Buttaiaur and the Chumbul, hu greater 

depth and a slower current than the first portion. It it also much more free from 
Bands, shallows and other obstructions to the navigation, than the former portion, bnt 
has many difficulties pecnliar to itself, arising from kunkur rocks and shoals. Its 
mean depth seldom exceeds seven feet; its surface velocity taken at iU head ia 1*203 
miles an hour; and its dUchuge 1671*861 cubic feci per second. A section of the 
bed of this portion, taken when the breadth wu 250 feet at a mile below Bikrtmpoor, 
and from which (he above velodty an^ diKha^ were calculated, is given in S, 

13. ^A section of the lower end of this portion was taken a quarter of a mile 
above ita oonyuictlon with the Chumbul, where the breadth of the river )■ 105 feet. 
It is xf^reicnted in Figure C. U gives, by calculation, a surface velocity of 1*771 miles 

* per hour, and a discharge of 1215*342 cubic feet per second. 

11.--Tiio third portion, lying between the Chumbul and the extreme point of 
my inspection near Bhudeyk, dlffbn much from rither of the preceding. It appears, 
to be cemposed of a string of lakes, having a depth in someplaees of 25 foet, and joined 
together by shallower parts. The deeper parte had no perceptible currents. 1 
found, from the short time 1 had at my disposal, and from the nature of the river, no 
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opfiortiinUy of n*kiQ^ tiectioo wkieb 1 coitlil depend apoalncaleukUoni ' 

ed to get 1 ^ section of the Chumbnl^ which would ehew me the value of the addition 
of iU weten; but having gone about teven milee up tliat river, and finding it a long 
continuous lake of half a mile width, with a depth in some places of twent^^flve ibet 
aod flo current, 1 gave up the attempt. The wind was verj strong in tlte direetipii * 
of the eurreot, bat, even ehen, the surface *velodt/ was barelj Haifa mile an hour. 
The bed of the Jumna below tbe conjanction has quite the character of this port of 
the bed of tbe Chumbul. 

15. ->-On comparing the above discharges, &c.^at these three piHnts,*we observe 
that tbe distance from Agra to Bickrampoer Is bj the river 84 miles, and from 
Bickrampoor to the Chambui 02 miles; both nearly equal. Secondly, that tie loss 
by evaporation and other causes is in the former portion one-eightji, and in the latter 
oiie«fourth of the whole quantity, with which each commenced its course: tlie pro* 
portion in the latter part being doubled. Now, this loss, arising from evaporation, 
mtut depend np8n tbe time of exposure of tJie water of the eurreot, which must 
necessarily have in the latter portion ouly half the velocity of the upper. This 
satisfactorily accoiiiiti for the statement put fortl^in ilie llth paragraph of this 
report, which gives a greater depth and a freer channel totho lower portion, allhoagli 
it contains on an average^of its»two extremes one*sixth less water. 

16. *«Many interesting subjects of imiuiry were necessarily omitted by me» which ^ 
would have been of great assistance: ui particular, the slope of the surface of the 
stream, under different circumstances of width or curvature of tbe • iiannel, which 
must be the foundation of all exact knowledge on the subject of riverc^. 

17 . 7 -d will how proceed to notice the olgects 1 had in view in forming the dc* 
scriptivs catalogue.* It will serve as Illustrative of my viejri, m I have generally, 
for each difllcuUy, proposed wiiet 1 consider an appropriate reiuedy. It will show, 
by comparison, the permanency^/ir otlierwise, of the dry weather bed of the river, and 
(as it may be expected at any rate, that if not always the same, there will at all times 
be a protty equal amount of sfioals and sands,) it may give an idea of the qitanti^ 
of clearance that will generally be necessary. It can scarcely be considered an 

Assistance to any one employed to remove obstructions, as he bring necessarily* 

on the spot, would not require to refer to it. 1 Lave framed my remarks on tlio 

sands, on the sopposiUon that a channel of four fbet in depth Is sufficient for the 

largest bMts frequenting the river in the dry weather, as it wilt admit of boats 
drawing 3| feet without any difficulty. This depth, 1 am confident, can be secured 
in all parts of the river, by a proper application of the prinripUi hers following. 

18. —In a running stream we must consider the area of section, the velocity of 
the current, and tbe fall’or slope of the surface. 

19. —There is in all riven a certain mean velocity, which, if distributed over the 

whole coarse of the river, would cai:se the water to be delivered in the same rime 
as in nature. This is the perfection of a river, and our endeavours should be to 
imitate * 

qO.—The earthy matters in lupcnsion varyf increasing in proporriM^ Ihe 
increase of the velocity of tUc current, and vere rersJ, aod the effect of an eqaable 

• Tbs oataleguo here refomd tomUins a dririlod dceerirrioaoTaU thsobstroctioai and dlfficuU 
rasngsa betwoeo Agra and Bhudoyk, aad is aocompanlod with a nmniBg ikeioh of the tenei mads 
to OoveraoioQt by Lieutenant Oouglw; but ithw act been deemed of luinriontly seBonl imporiaooo 
for iovertioD in the 
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velocity if to prerent the deposit of these matters, where the enmnt is slow, and to 
take ap fresh matters when the eomst increases. Xt appeals that, ^ aatere* a 
ipectee of ^mllbriom thr^ exUte between the veloetty of the earrent, and tbs 
miitaatce of the hence no depoeit can take place in a state of TUidistorhed 
nature; hot when to serro eny porposs of our own, in improiin^ or sltering the 
ehannel of the river, we oosettle this sthte of permanency, we may ctuse deposits to 
tabs placfr and produce more inconvesienee than originally exUted, unlesi'guided 
hy the principles of nature. 

21. —lb fact, success etn neterbe expected In sny operations relstive to the 
course of rivers, if we do not set strictly in accordance with these general rulsi of 
aatm. Should we, for instance, deepen or widen say part of a river, without making 
any other corresponding change, we would soon find our alteration choked up with 
a Mporiilon of nod, because we bad eula^ed the section, without increasing the 
lopply. 

22. —The faults which it may be desirable to correct in rivdn may concern the 
velocity or the section of the stream, or we may wish to remove or avoid existing 
impedimenU, as rocks and sands, 

23. —The current may be too strong. This arises from a greater slope in the 
stresm than usual, sad may be corrected by increasing the length of the channel, 
making a straight channel winding, or a winding one more so, till we have reduced 
the slope of the surface to the proper and usual amount. In doing this, ws can 
always take advantage of the eff-sets from the prinripal stream ; and choosing one 
of those best suited, make it the principal channel. We should, in chooiiog a new 
ehannel, examine its bed, to tee if there are any natural impediments to its ac^uir* 
ing a sufficient depth, such as rocks, or knnkur reefs, actois its ehaoneU 

24. —Sut an increase in the strength of the current often arises from the nature 
of the atream above. Should the stream, for some distance above, be spread over 
a Urge space, it hu bnt little depth. Tlie increased friction retards the current, 
causing deposits, which raise the bed' of the wide psil. pving it consequently less 
slope. This increases the slope, and eousequently the veloritj of the lower portion; 
whereas, were the whole fall distributed equally through both portions, the velodty 
of the upper part would be increased, while that of the Jower would be diminished, 
and both would be improved. Now, to improve such a channel, all that would be 
required would be to contract the width of the uppea channel, by bandelt, &c» 
.The immediate effect of this would be to ohitruct the passage of the water; but as 
the whole of the river must pass, the surface above the arrilcial contraction must 
he r^ed, till the head of water affords sufficient pressure to increase the velocity 
4o the necessary amount. This increased velwaty mnit deepen the channel at the 
cttitrsetion, till its seetiom be as great as before, and w9l remove all that portion 
of the bed, wlrieh, though adopted to its'orig^elly slow channel, interferes with 
the slope now requked for its greater TCloei^. Tht slope a( the upper part wilt 
thus be increea^ and the fall o#tbe lover decreased, as was deeired. « 

2$;;rrBMnetimes, from oatnral eauies, the channel is narrowed, and a rush of 
water ensues from the decreased scctioi. This increased velodty irill continue 
under any eireumstances of the river, above or below it, and the only means of getting 
rid of it, is by widemng or deepening the bhannel. If merely a gorge, as at Noringy 
Bda, or if a conrinuation of rocks, for any considerable distance, and if tbo 
ehannel cannot be rendered deeper, it ahomld have its slope diminished hy being 
conducted in m ^diug a direction as poaible among them. 
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25.—'Hie ctimnt my be too flow ; Uue le no izopeduDent, bot, on oontwy^ 
in idrantifo. did It not geaenlly hippra when the lectioii eontimung the the 
, rirer is ipreid Terj considenblj. *TUi zniy be enred by nsiply contnctiof t&t 
brudth by bindeli, 5be.f wiUi^ut mkinginy other iltent!on In the direetion or 
length of the ehtnneb eseept, if reqalsite, mking It Uke » more dlreet pith» whkb 
would of conne gire it inemsed vrlodt^ if lofficient could not be obtuned by 
fontnotion* to eoible it to mike ind retiin lolfident depth. A ilow current my 
•Iso triie in conieqaenee of in inereised iree of section, le in the*c«ei of the Chnmbn], 
for the lilt dgbt or ten miles ibore its conjnnction with the Jumni, inj in the efle 
of the Jumni below this point. (8et pirigraph 14^) 

27. —When the section eoDtioun the seme, but the reloeity Inemieii the ilbpe 
of the ehinnel must be greiter then usnel. In this cue, wbefi there is i seircity of 
wiUr, and the depth b iDConrenlently dumnjshed, wa miy correcl thj, by Inemiing 
the windings of the lirer, or miy take idrintige of the most winding branch of the 
rirer, conducting the body of the itreirn into it. 

28. —1 will now pve i description of tRe different of impedimcDts to the 
nivigationj inch u sands, shallows, rocks, old bnildlngs, sank bools, trees, abrupt 
turns, Ac., with the treatment for each particular aort. 

29. —Sands may be prergnted from forming, by eStending to the roles already 
mentioned. Where so numerous as to impede the narigation, a channel should be 
selected from among the number into which the Hrer b dirided, with a reference to 
the prerious rules, ind by it should the whole stream be conducted, o. u mneb of It 
as is required. The most Important sand In the part inipecUd by n \ b just above 
the junction of the Chnmbul and Jumna, and 1 can only thos account for It. The 
lection of this place, (see paragraph 13) gives a considerably greater slope of channel 
than tbit luoal in the river, which can only happen by the Churubul being on a lower 
level than the Jumna; and should it be found that the freshes r/f the Chumbnl arrive 
at the point of junction, loonH than the eanesponding one of ihc Jumna, which from 
its shorter course may probably be the esse, it will act as a dam to ebe Jumna 
obstructing its waters, caoibg them to let fall a considerable amount of the sand held 
in luipension. That ibis may euily occur, a little reflection will show, as the slope 
of the Jumna being 11*59 inches per mile, the Chnmbul has only to rise that amount, 
to render stagnant a mile of the Jonina above it, which would include all these sands* 
The only motion the Jumna coold have, would then arise from the tit a^er^o bf the 
stieam above. Should the tall of the Ghumbul, Uke iU rise, also precede that of tite 
Jumna, the usual difl^erence of level between them would be iucreaaed, and it would 
account for tbe great rapidi^ i( the Jumna above Its junction, at the close of the 
rrins, and in fact till it tus rnamad its dfy>weatber bed. It is worthy of notice, 
and is xn favor of the above idea, that this great velodty at the close of the rains is 

« enly above, and does not extend below the janetjon, tbe water being there compara- 
tmly slow. There are aome sands for about a quarter of a mlla below tbe junction, 
bat they arise from the wasbed-down particlea of sanda above the junction, here 
deposit^ in consequence of the loss of velocity in tbe Jumna, by its meeting^ so slow 
a atream as the Ghumbul, and at as angle of about 120^, whiok muaroeitrSy a 
cotksiderable amount of motion. TheChumbul brings no und Into the Jnmna, the 
large and deep Uke, forming the last ten miles of its channel, acting as a Alter to its 
watere, allowing its sands to be deposited In its own bed. 

50.—ne general methods of improving such parts of the rive? are already 
pointed out, and C 0 Dsi|t» in this imtanoe, of deemiing the slops of theenrmt, 1^ 
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CMiing it to wind u nuch «i pottible mong the wdi, and dosing the direot cbazH 
nele, which being the reedket exit for the wBter» would prerent the fi^etiou of & 
good winding channel. In general, and in this Stance, the requisite operations are 
already planned, and portly execnted by nature i os may be seen by a reference to the 
tigare; and»all that is required, is to modify her plai^ to suit our particular wants in 
depth, &e. 

3K—»The motion of sands may be aacertdned by observing the motion of ripples. 
These are formed transrerse to the current, and are moved forw^ by the cnrrent roU- 
lAg the particles up the exposed aide of the ripples, whence they fall over on the Ut 
side. The ripples, by these abitiactioni from Aht upper, and additions to the lower 
side, move forward in the direction of the current, and do not rest till they arrlreat the 
ieeof ihe sand-bank where the eorrenthuno effect on them. This operation takes place 
at the surface of all sands, at the rate of about two feet per hour, sand being thus 
abstracted from the upper to be added Co tbo lower end. The following Is an attempt 
to deduce f>oin the motion of the surface npples, the imonnt of motion in the eaode 
to which they belong. Should the ripple be considered half an inch in base, and ono- 
fourth in height, the sectional area of each ripple will be *125 square inches, and as 
there are 24 of these contained rn the distance of a foot, the area of section of these 
contained in a foot will amount to 1*5 square inches, which requires half on hour to 
progress one foot in advance of its lost positron. If Ve suppose the average height 
of the sand above the general bed of the river to be four feet, the area of the vcrtiral 
section of the ripple find, (by which such a sand will require to bo increased to 
enable it to advance one foot,) is 2,304 square inches, which, divided by the area 
protruded that dlsUncc per hour by the advance of the ripples, or three square 
inches, will give the time 703 hours, or 32 days, about one month, required to enable 
such a sand'bank to advAoce one foot in the direction of the stream. This I think 
must gradually alter their position, driving them lower down the river at the above 
rate. The descriptive catalogue will affon] data for ar»y future comparison to eluci¬ 
date this subject. 

32. —The worst description of impediment is that arising from kunkiir rocks, 

where they occur, which is very rarely, oud more genertlly os spurs from the hank i 
they are noticed in the catalogue. They usually occur on the concave side of the 
river, where it is more difficult to avoid them, or to alter the direction of the current. 
In this case, they should be blown up; at any rote, their situation should be indicated, 
a mode for doing which will be pointed out subsequently. ^ 

33. —Kunkur reefs, or beds of kiinkur gravel, are, in the portion of the river 
between Butt^nr and the Cbumbul, of very frequent occurrence. They sometimes 
occupy the whole of the msin channel, vrith a small depth of water over them, which 
no effort of the river con increase. Their importance depends much on the position 
they hold, as to whether, when in a beud, they are on the concave or convex bonk^^ 
When in the former, the loaded boats of the desoentUng trade find it difficult to'*" 
avoid them. In the other cose, ^ere is no difficulty. Should there be a choice of 
channels, it will he u well to examne one of them, and should it prove free of this 
iot^M db^metioD, make it the prificipakone. 

34. —A few old buildings and their fragments, old wells, Ac., occur in all situ a« 
tions in the river; they are all noticed in the catalc^e, and should, when possible, be 
removed by blasting; but if this he not expedient, their poution, if liable to be oovered 

during thb ndoc, should be pointed out by beacons, in the manner explained her^ 
after. 
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35 .—^My W eoiwdered ftdTiDUgeotu ^ their diffijiing oore mifiy 
the adnQt|gee of riven. Bui tb^oontrarj mu$t be tLon^i ofj tbni At Battaicftr, 
where the eweep of the river CAusee greet deUj to boeU with no counterbAltnoiwg 
^ edvAiiUgee, it has been eonridered an object to reatore the Ancient climiuiel, which 
would allow of AceompUahiog infone hoar what now reqolrec alz. The river onob in 
everj three or four ^eara rons, in the height of the rrina. In email qaniiririn along iti 
old bed. Bat it would require very careful {evellin^ to enabU tne to give an opmion 
of the praeticabiliCy of cauaing it to re-oecupy ita old bed. Tha rivw itaelf would be 
employed in cnttiog ita new channel after a method which if berenfter pointed ouk 
The current ii eacecdingly alow at tho bend in quaation* which may giTe ualiopea 
that the more direct channel would not have too much alope. , 

ainuoaitjf when ui the ahape of an abrupt turn, la a conaidenibMncon« 
veuieoce; for by it ilie force of the current ia thrown on the concave bank, eonrey* 
ing with it the boati of the deacending trade, and rendering it difficult for them to 
avoid acrioua eolliaioDi with the baukf. 


37. —ggnk-boeu, trcea, &c., are the moaUdangeroua'of impediment There are 
at preaent many of the former in the river, aa pointed odt in the catalogue, but none 
of the latter. Tiila may be accounted for by the coniideration that treea being 
valueble property, and belonging to whoever chooaea to secure them, are apeedlly 
taken out of the river, *whcreai a lunk-boat ii the property of an individual, who 
knowing he cannot be diapoaaeaied of it, ia in no hurry to remove it. Such boata ai 
are whole, ere, on the riaing of the river, taken oat by tbe owner# i th'jte which ere 
acriooaly injured, are left in their placca, being acarcc worth the troublv of removing, 
ftom tbe difficulty of deariiig the eanda away from them. If they remain in one 
place, they become known and leaa dangeroui •, but ahonld they become looiened, and 
drift down the river, tliey may ocotaion much miaebief, aa they lUde along the bottom 
of the bed of the rjvcr. and cannot alwaya be noticed. 

38. —1 now come to thomdHiods I propc^ to beuaed, for improving tbe navigation. 
They reaolve themselves into posing up old channels and forming new ones, oontrect* 
ing the breadth, deepening the bed, and directing the bed by various eonatniciioni. 

39. —None of the works undertaken for these purpoaei can be permanent, as in 


the rains they would cause more inconvenience than tbe faults they would be intended 
to correct, and wopld run the risk of being swept away. Besides, as moat of tbe opera* 
tioni refer to sands, whicli cannot be expected to remain in anceessive yean in the 
some place, the works of one year could not be expected to be usefol the next, and 
would in all probabilily creaU barm. Soch opertriona must be repeated eimuallys 
but the expense need not be much after the first year, as the materials my be used 
in succeeding years, being daring the rmns stored up near the spots on which they are 
required* The works in one place may effect their object in a ftw days, when the 
materiaU composing them may be removed and applied at some other aUtion lower 
down tu; river, to which they may he floated. They may thus be wfiilly employed, 
performing the journey from Agra to the lowest po^t of the river requiring imp^ve- 
mnu by which time, use may hare rendered them unfit for the porp^. 
them, and they may be discarded; a fresh aupply ^eing always « receipt a^e l||gh* 
cat point of the rivet under improvement, where, beaidea, their expense of purebaae 

40_Should it be advisable to change the channel of the river, it may be done 

by throwing the body of the stream into some minor branch, and obatructiH the old 
channel. ITic old channel may be obstructed liy baodeli, or by an earthen bond. 
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The btndelf aijr couist of dUket forecd into the Mfid, wAttled bj bmbwood, which 
toAj be cut fniM the banks; ^ b/ long grass, suiartAne letTes, or toch other mate¬ 
rials. 'WJies wattled with brushwood, the twigs shoald point op the stream, as b/ 
this tbej are enabled to catch and retain straw, 4e., floating down, which will assist 
in render them mors imperrioas. The length of* the stskes, if placed perpendica- 
larlj, need not exceed the depth of the water, bj more*iha& the length reqaired to 
giee then a firm hold of the sand; but if placed at the slope, the sands natorallj 
isaome, (which is their best poaition, and will ft* or the depoaition of sand on them, 
acd preVent the current guttering their foandatiooa, rendering them leas pervidns,) a 
greater length will be necmarj. .The current iqay be obstructed bj a mound. Tliis 
can opl^ be requireJ when the new channel is exceedingly small, or when it requires 
to be^'fonned artificially. The bund should be conitnicted, as shewn in the next 
pacagraph, of the most tenacious earth procurable. 

41. — >A nuefeui of aome tort will be required to construct the bund: this may 
consist of a double ro# of bandels, placed standing, so as that they may be consider¬ 
ably apart below, and nearly meeting above; or it may consist of a small row of gabions, 
maJe in ibe usual way, plAeJ close together, and nearly filled with earth, hc.,^ the 
interval between each pair being filled op with faacines; and earth being tlirown on 
ihrir upper ride. 

42. —protection of the nature of an embankment is sametimea required to pro¬ 
tect buildings from the force of the stream, which tends to undermine them,—an evil 
which very little can be done to palliate. A line or lines of strong ban dels, gabions, 
Ac., may He placed, or atonea or bricks, when available, may bo thrown in, and allowed 
to find theif own slope. This latter is xSt best description of pAlliatives. )lut tbe 
correct mode of treatment, when we are at liberty to avail ourselves of it, is to direct 
the river above, so as to; cause it to fall on some point of tbe bank above the building 
to be protected, and at such an angle, that tbe stream may be reflected clear of it. 
Here the evil is transferred to other points of the bank, wbsre Irasions arc of less 
consequence. 

43,...WbeD it may be necessary to cat a new chanbel, (as would be the case, did 
we wish to cauee tbe river at Bottaisur to resume its former more direct course, or 
the stream at the city of Agra to run along the dty strand,) tbe labor and expense 
of forming tbe channel may be considerably leuened by digging, in the line of tbe 
new bed, a series of ditches running parallel to each other, in the direction of the new 
bed, through which the water may flow; and the increased velocity given it by obstruc¬ 
tions placed in its old channel, will cut up and carry away the interveiung ridges of 
earth or sand,—an effect which quickly t^et place in times of flood. 

44. —Tlie breadth of a river may, when necessary, be contracted by forming piers, 
or dykes of baudels, Ac. The object of the construction is to prevent or remove 
bodies of sand, which it effects by increasing the velocity. The upper portions of the 
stream bring retarded, the level rises until the slope become sufficient for the d^cha^. 

^With the increased velocity the stream will have inffirient fome to rarvy away the 
earthy matter it before deposited,*ind a permanent improvement in its depth will be 

ms^e. aMi., 

45. —As a stream tends to eosUnoe of nnifonn section even in an increased chan¬ 
nel, it is not necessaiy that this oentnetion should be effected by continnoni and 
parallel lines of dykes or bandels. It is saffirient that piers or spurs be bnilt out 
^temately from each bank, or la opporite pairs, tbe disUnee between each line being 
equal to the breadth it is proposed to give the ttmm, The heads of these piers 
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ilkould be Amngcd if poMble in two pnnllel itnugbt linei, in order tbei the i^ftua 

mej ftMOM t eonrte, in vhieh H will of eotine here the mesimna TrfbdUgr. 

The depositm which were fbnnerlj^dietRbtfUd oDiformljr olong bed,'will nbw^ 
token op, end left in the deed ^etere between the pure, rendering the centre of the 
channel deeper. • 

46. —There u i^l a meant of deepening the bedt of riTere, bot which ia onlj 

applicable to tidal riven. I mean dredging. 1 have aetn a newapaper notice cf the 
.expcnte of dredging the rirer Clyde at Glaagdw, which mentioned that it wit three 
half-penniet per ton; bot when we can caote the river to remove tie own ttnpediiaante, 
it vrill not be necettary to have reeoftrte to nunaavrea of force, which bepidea, where 
maclunerj ta concerned, moat be very espenaive in India. ^ 

47. —Hand dredging may, if required, be had recourae to ai foUowa. Let a 
aeriea of /curat be attached to a long rop{, by lathing their bandlea to it. Tlua 
chain of/ourat may be impended, at a diatance below the inrfaee equal to the depth 
we may require to pve the channel, by booyt attached at in ter vale along the chain 
af/curat, by meant of imall ropea of the necfatary length. Thit when drawn down 
the^tream by tome contrivance, employing the ttrength of the current, aa the modve 
force, will atir op the aand, and atiiat a contraeted channel in carrying it off, thoa 
ahortenmg the time that woul^otherwlae be required tp deepen the channel. 


48. —It ia oAen req&bite to give a new direction to the current, aa in the inctaaca 
of the strand previooily referred to. Tint may bo effected by piara or ipora biade of 
bandela, or by rows of gabions lined with mata, filled with earth or aa .dj each sue* 
ceeding row, u we leave the bank, consisting of one fewer than the UaS. They will 
require to be laid somewhat slanring, so u to approach the natoral slope of the bank, 
and may form any angle with the bank, according to Che object in view; that of 
fltamMKM effect, being an angle of 4b\ They art ap t, ho we vef well constructed, to form 
eddies and whirlpools, and this effbet should be as much as possible avoided by mak* 
ing them form with thf itream at small an angle as poasible, m^iug up for the decreased 
effect by removing the pierfuatber up the river; but in tbia ease its projection into 
the stream must be proportion^ly increased. 

49. —I have in some places referred to beacons to be used for indicating tbe poei* 
tion of rocks or other dangers. They should 1 tliiuk be constructed of masonry, and 
always in pain, the pair being parallel to the direction of tbe current, and on a part 
of the river’s bank neareat the impediment, but abore the reach of the highest fioods# 
They will be placed directly opposite tbe impediment, and by there being two, they 
can be placed at a distance apart equal to their common distance from the danger 
which will afford a simple and perfect means of ascert^ing its poiirion. 

50. —Buoys will form a very efficient sort of beacon, bat should never be employed 
if other means are applicable, as the materisb they most be mede'of are too great a 
temptarion to theft, to permit of their being long lived. 

5 1 .-.^bould a steamer be sent up tbe river, the channel might be 1^ dewB by 
buoys, placed at impedimenta; those on the ri^t aide being known from thoee on tbs. 
left, by bring painted of a different color. ^ 

52. —A yooawg path is very necessary io many places, u during ihsniATtherfter 
rum at the very foot of the high eliy cliffs, forming its banka, leaviog no room for 
gconlng. Boatsare hence necewiuted to croas the river, vrhich is net alw^i praeriew- 
ble, and vHtento,it entails a loss at timsa of half amdefromtheitrcngtbofihscarmt. 

53. ^1 have already, in paiigr^hs 5,8 and 59, pvea reason for the opnion that 
the works will necessarily be of a tempomy description, requiring rsntwil each yeas 
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Bt tbe clcxe of the rtinf. vhen iho tiver ;h«B »o ($t i^lUn m totllow of b d«fioUei^cB 
b«Df ft^med of nbki chunel it iotmdi ocenpTing daring the itj veather. The 
neceuary worke, vl^ch wiU then be commenced, need not 1 think occapy .more thtii a 
month, during which time, the river, Ihongh falling will not do eo to each a degree 
M to impede the navigation, before the good effecti of the workt are produced. The 
pereon anperintending will proceed down the river in a fait boat, taking with him a 
aupplj of men and materials, lofficient to la&t till an opportunity again octun of replae- 
i|y them. A portion of tbete will be left where detir^, with directione what to do. 
The auperinOendent will in this manner proceed down the river, and when the whole 
line hu been luppUad, will returh in the moet Hpeditiouf manner to Agra, again to 
proceeij down the river by boat, to examine and correct the worka which, it ia eipeeted, 
will by that rime have nearly effected their intended ohjecta. The men may be then 
diahharged, except a imall eatabliahment^and native writer (Lalla,) left at intervala on 
the river to aiike reporta, and keep tlie worka in order. When the operation! are all 
completed, and a good channel lecured, the materiala may, generally ipeaking, be 
removed, and Imd up in itor^, in the neighbourhood of the apota whence taken, ready 
for the operationa of auceceding ycare. The river will afford meana for the cacriago 
of materiala, and aa they decay oV are loat, otbere to replace them may be dotted down 
the river from higher atatiora^wbere probably they a^ cheaper. It ia probable, that 
in each leaaon a atnall quantity of materiala may be made lutierrient to the operarioni 
requireJ* over a conaiderable apace of river, as the time required to effect the object 
in one place, may admit of their being removed, and repeatedly re-applied elsewhere, 
lower dowh. Dnt thia experiment should not be tried the first year: leit the laving 
ofexpenae be counter«balaneed by a more than equivalent sacrifice of lime. 

54 .—The last consideration ia whether tJio necessary expense be warranted by 
the advantages, auppoairig them gviied. The advantagei may be estimated by tho 
value of the merchandise on the river during the eight d^ months, when only the boats 
hare any difficulty: and by the aaviog of time conseqfieot on (!ie operations. 1 have 
institute an inquiry regarding the trade of Agra, which I aball shortly be able to 
submit; hut in the meantime will take a -hypothetical case, via., that the total mer- 
ehandiae received by Agra, from below, and sent from Agra down the river, amounts 
during the above eight months.to one lac of rupen, and also that tha present deten¬ 
tion, on an average of the descending or ascending trade, amounts to one-fourth of the 
whole passage; that is, that goods conveyed in eight months might, by the improve- 
meoti, be conveyed in six months. The advantages will therefore consist, first, in the 
interest of one lac of rupeea ibr*two monthi at 10 per cent. 1,66$ rupees; second, the 
hire of Che boats necessary for transporting this amount of goods, which, if cotton, at 
ten rupees per maund, or 10,000 mauods, will require for carriage, ten boata of 1,000 
snaunda each. The hire of these ten boats for two months each, at 2 rupees per 100 
maunda, will amount to 400 rupees; and third, the wsgea of the crews at e'ght men 
per IjOOO msuods, and three rupees each per month, will, for two months, amount to 
480 rupees. Thus, we see, the saving effected by the improvements will, ou one lac 
of rape^worth of cotton, amount to 1,666 + 400 + 480^2,546 rupeea; equal to. for 
Iha.wh^ dry season, 2| per cent, on th.e whole mercbsndiie received and dlapatehed. 
This would admit of an equal tax bring levied for the expense of improvement, and 
tlie balance of advaaUge would arill be in favor of the merebanta, both from the time 
saved and from the amaller crew required for boats io the improved state of the river. 
The above is merely a formula of the method 1 would employ for making the oompa- 
riaon of advantagea and expense, and to this it will be easy to apply the proper 
numbers. 

9 
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LetUr rffordiu^ tht above Beport, From Majob E. Surra, SaperinUndiftff Si^pmrt 
Cenirii ProeUeea, JUmkabad^^ke iitk /Wy 1840^ to Captain H. DsB^bi^ 
OJkiaHnff Seertlary Boards Fori WUlUtw^ No, 405, 

SiB. • 

1 bAT« the honor to aubmit the reaolt pf mj exAViomtion of n report hy Lieoto* 
naai DougUs on iraproTfoientt contemplated in Che river Jomnn. 

2«^TUie memoir la long, but n brief enal^ii will pmaU of mj dietlngoUhiuB 
the parta which era of moat intereat, or which perticulerl/ require the notice of t£e 
Bo«rd« Menj pegea of the rq>on mt occupied by*aUteotenU of the navellj reeeifod. 
theoriee end rolea on the nature end treetmest of rivera; bat which exporit^ni era 
not of oonaequence, except in indiceting en ecquuntenee with the aubject hy LieuU* 
nent Douglaa. lufflcieDt for the reguletiou of aucb prectice) operetiona u mey* be 
committed to him. Peregrepha 15 to 27,^9 to 3J, 35 end 36, era given chiefly, if 
not entirel/, to ihe theoretieel matter mentioned, end therefore lieve no direct refer* 
once to the preaent qneationa. Another coiftiderablc portion of the paper oonteina 
e ginerel daacription of the river between Agra and Buddek, or Kurrim Khan, with 
tha introduction or ajiplicetion of aoroe theory to the obiervcd appeerenoea. The 
general nature and more eriJegt eharectcrUtica of thia part of the river are correctly 
atated, though with thc^>ccftvional defect of a mistake of annual and cJiangcebla, for 
permanent, eondltiona of the itreamand bed; end in coniequtnce, with aomeerrone* 
oui coneliiaiona on the luppoaed circumatencea. raragrapha 3 to 14, 2d, 32 to 34, 
37, 38 end 54, arc moally of the nature exp1aiAed,^of description eeeo* ipenied by 
theory: end other portiona an of miicellaneoua matter of the seme tendency, but 
which have little cloae concern with the practical objects of tiia report. The pert 
chiefly of utility ia found in peragrepba 3P to 53, in whietf Lieutenant Poa^aa seta 
forth meuurei ha recommend! for the improvement of the river; and here, haring 
dropped much of the previous fheory, bis auggestiona become of a feeaibla and aimple 
character, being in abort, prqpositiona for enia^ng the body of water in, end eoaae* 
quently deepening, certain sandy and obatrucied channels; tJie mode of operation he* 
ing the ordinary one of throwing up ajfura and dams. In regard to this work the 
Executive Officer’s views arc sufficiently true, except in tha aaiiguinc announcement 
which ha makes of the farillty of removing obstmetiona, and hla eonfidenee ia tha 
adequacy of smaU means for accomplishing work of such extent. In bis list no'fewer 
than 86 spots arc mentioned, at nearly the whole of which some labor is projected; 
and in most of the cases eonstrjotions of considerable Visa, while the means calculated 
are on an inconsiderable scale, and the time for accompHshmeut ia equally limited. 

3..^Xhia power of quick and easy execation cannot be surely depended on; foi 
there ia little experience of inch work to give a pledge of success, and the attempts 
proposed must, too, be somewhat uncertain in their resnlla, from the temporary nv 
lure of the works, and from their being based on mere sand. Dot though these eonai. 
deratioua should dicUte enntion and Umper, prombea of great consequences, it by no 
means follows that the intended eflbrts are to be relinquished. . The plmn measures 
indicated are those offering the beat prospect for an unendmeni of the chafincla, uid 
they certainly should be tried, but at first only on a moderate and experimental acal%^ 
4.~liutead therefore of undertaking numerous works, of every grade of orgeuo^ 
attempts ahoold at the outset be limited to three or four of the moat o^tmeted 
pamges; and on the results attending tbaae first essays, improvemenU may be under* 
taken upon safer grounds than now rxiit, or are to be pererived. 1 do nqt And ii 
expedient to specify the places at which the experiments should be made, hot three 
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or four of the wont bctweop tho Clmahttl or BoiU:» my'Ol the etoeo of 

tho nino bo oolectod, oAd prooeedioge it tbm epote bo ontorod >«poo.« Tie «uet 
Mtnotionioro not ntnod, bociiue it h not eert^ thit obetmetioni will preicst thot^ 
■olm next ytu it cbo epoU whm the^ now aaat^ bot tfao confloenco of tho Chun* 
baVit*mny bo eonelndod, will bo ennmerotcd omong the difflcnU poMoe, u that port 
of the bod ii elmoft azuiatli/ ono exneing detention. 

5.~To bting the projected worh end expeneo within nore defined Unite then it 
now eppoon in the Exeeatire OtUeer mep et once fnme en eeUainto for e fall triel of 
inproTomenf Ut fonr pLicoa, end, after en exeminetioii of that preperetorp doe«Bient» 
he map be entJiorixed to proceed with theee first llbort aa aoon ae the eUta of the liTor 
ndmite end exile for progreee. He iboold not undertake work on tap portieular port 
wh^ thle eeoeon boa been obetructed, under tbe idea that it wiU next loaeoa aleo bo 
§ho9i, for that would be to anticipate a. etate of the etream that might ^rore of no 
reel occurrence, bat eboald fix on epota at which difficultp of peoioge ie ocioallp 
encoaotcred; and, if the meoeuree adopted prore efieoaoue in a rem^p of thecoodi* 
tion of thoie plocee, there Chen oup bo placed traet in ueuroncoe of the general 
ntiUtp of eucU mane^ment of the ri?er. « ^ 

fi.^fiome of the obetniction meoUoned bp tbe Execu^re Ofiicor on kunkor 
ehoale i and theee he epeoke bf remoring; but that work, if eonetioned, ehonld not be 
entered upon, except upon eloeer eridence of iu neceaeitp, u aleo on proof of the 
power of effecting it thoronghlp. Some of these knnkur beds are troubleeome, but 
they hare not hitherto been found to be tbe most eerloua obetoolce in the navigation 
of tide port of the rive^; and they ehoald not be meddled with, except with caution. 
A partial removal only eggrarntee tbe evil, and a complete clearance ia of lenoue 
labor, and ought not to be commenced except upon tbe prodnetion of plane on scale, 
•hewing the entire dimeneione of tbe obetruction and the amount of the work to be 
undertaken. Kunkur eboale, loo, should not be removed without a knowledge of 
their usual effects extending over more than one pear; for a maoi which la of incon- 
veiiienee in one eeuon, is not nnfrequentlp of more than proportionate benefit in 
another, bp defining channels which otherwise would become expanded and shoal. 

p.^Upon other points, the Executive Officer speaki in terms of certainty which 
longer experience might have shown him the necessity of meuuring. Hie proposed 
masonry marks or beacons, oi> the edge of the river, for instance, are of the nature of 
tome of those which were erected under sip direetione eight peoca since: and cer* 
UMy when properly understo^ bp the boatmen, map become of great service; but 
it Is not so evy to determine the arrangement of the pillars in such a manner u to 
be at once comprehended bp tbe native crews. Floating buoys, again, of a nature to 
he depended on, ore not to be fixed so generally u he luppooes, unless great expense 
is to be incurred. Numerous trials have shown that there is but one kind of buoy 
or mark which will meet the various objections found to attach to the greater num¬ 
ber of those patterai which at rorioua tlmei have been, proposed and tried, but a 
detennination upon even Ihe mott promiBing descripdon can only be mode with some 
recervoi^xn, and its application should be carefully studied. 

8.—In the removal of portions of masonry, too, which may be somewhat dan¬ 
gerous in themselves, guarded forbearance should be used, os in this CMe also the 
disappearance of on obstacle might be attended with tbe production of a larger extent 
of obitruetion; and at least, many of such spots should be worked on only after tbe 
expediency of the'projected clearanco hot been shown on diiUliet plans, or proved bj 
mature examination of the locality. 
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will ftn^esdooftblj be ftdvnuge in eatdj^ iovuig pntbc •£ IliMo 
pmrtt of Uw buk in which the commoiiicfttion u inumpted b/ blnflGi or other imp*- 
dinwnti, end the Exocotirft Officer cftn inolndc ouch work in the ceiiziuie which bo «i 
to fumieh. CorrAilIj mode ppthi ore not rrqoisiU, but mtnlj each trmeU ee the 
bootmw tro in tbo.hebit of trorcroing. no remorei of wrecki end cnboiergod troco 
will ftleo be o continiution of the originol dpfmiiona on tho mer, which eonnot but 
be opproreds and for auch work Ideatenont Doo^Im map citiBintea recollocdng that 
foeb clotmncea ahould bo complete, and that the ronnanta of tb«o aonken bodiMiJf 
anr bo left, are ptoductaro of greater danger than the entire aud morw ewapteuoue 
moM* * 

4 

10. -^Id going through the Eseeatire Officer*! report, it will be percei^ that 
1 hare for the time confined mptelf to recomoendatioiit and au gg eaUona for that part 
of the projected work which ia of the moat coDiequenee, tie. the achemea for dktp* 
ening the cbanoela which are obatrueted hj ahoala* The immediate, meaanrei which 
1 conceive deairable for the furtherance of thia project are mentioned, and the prot 
poiitiona for the other bmnehea of the eoDtempUted work can be b^ter entertained 
In detail when I am in poaaeaaion ^ the Hoard'a aeptimeata on theae general obaerv- 
otiona on Lieutenant Douglaa'i report. 

11. —Bp that offieer*! actfompanping letter, I am promiaod an account of the 
reault of the attempt, on which, under tlie auilioritp apedfied, he haa been engaged 
for bringing a branch of the Jumna back to the edge of the alrand at Agrat and the 
purport of hie communication, when known, ahall beaubm’.tted to the Board. 

12. —Lieutenant Douglu'i report, herewith tranamitted, erincea in dligenee and 
active reaearch on the part of that officer, although aa pointed out, iU utiUtp would 
have been greater had iti contentt been modified bp that eiperience and abetinenco 
fruni wide ipeculation which appear Co me to be wanting m it. K» iketchea alao, 
though of acrvice aa illqatra^pQ8, cannot be relied on aa Uidicationa of /beta, aa thap 
do not aeem to he drawinga on icale, whefeae, aa I have mentioned, real dimenuona 
are neceaiarp to a judgment, on the more difficult operationi in altering the channeli 
of riven. 
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MEMORANDUM UPON THE IMPJiOVEMENT OP THE NAVIOATION 
OP THE GANGES BETWEEN ALLAHABAD AND REV£LGUNQE» 

By Ma. B. A. BaAoa, CcmwM^icmr c/ the Bettaree Dwkhit, 


In thtf pRper, I propose confining mj remarks to the practicabilit/ of removing 
lUraoral orolxtruoUoM between AlBUa- obstructions to the freo noTigation of the river, 
•$•4 sod UevdgUDga tbrougboui extent of country above iodb 

cated. 

2« —It will l>e convenient to treat of it in tbyee portions; Firstly^ (tom Allaha- 
1V> bo ti^ of in three diiioeos of U» pRwng 8im and the river Tonie to 

whole extend •• Bouroobpoor, the extreme weat of the Mirta* 

poor district ; and the Benares Division/ 

Secondly, from Booroobpoor to the conflux of the river Goomtee with the 
Ganges. 

TJnrdlj, from the Goomtee to the junction of the great Surjoo, or Mahadw^/a, 
or Oogra; which last name had better be adbeTed to, to avoid confusion of it with 
tUs intermediate Surjoo. ^ 

3. —Of tlis first portion, having leamt little or nothing, and hoping to receive 

PlTvt in eider, Kim under eiM^nif 7 . wm- shortly some precise information, I will treat 
cultMofobbunuigoorrectinfurmition. Jtst; but, before considering the aecoud por¬ 
tion. 1 would offer a few remsrkt on the subject of gaining good information. 

4. —Facts respeeting navigation roust lie leamt sfloat rather than uhore; a 

residence of five miles from the river tide is a disadvan« 
'(age. Little or nothing can be leamt on tlie subject from 
the records of the recent professional survey. Tbo siir* 
TCyors* district maps, that of Itenncll; and a map of the 
River Ganges, from Calcutta to Allahabad, from surveys by 
Major Colebrooke, corrected by Captiun Thomas Frinsep in 
1828, are the onlyrceordi t jiossess. The caprices of the 

river Ganges, so to speak, render it itnpoisible to rely per.nnncutly upon information on 
record, however accurate it may hare been at tbc time. To obtain present correct 
inforiftation is a far more difficult matter than might at first be supposed. The 
truth of this remark will aoon be apparent to any .one who will endeavour to collect 
facts from the crews of differedVnativc lioats, regarding shoals and similar obstruc¬ 
tions. Their diversity of evidence is beyond measure perplexing. Wlietber it is, 
that, their acquiescence in the yearly mulationv, or even still more frequent changes, 
in the main coarse of the river, is so completely passive, that they dismiss from 
recollection any obstacles which may have impeoed their progress, but which have 
been surmounted without peril to their craR i or whether they have, for some inex> 
plicable reason, a dislike to commouicate their experience, little trustworthy infor* 
mation is to bogMued from them. They are notably apt,, it U known, in remem> 
benng lo^itiea with remarkable precision, even aRer the lapse of years. They 
all know, well enougli, the exact position of peculiar dingers, such as a rock, a 
sunken tree or a kunkur bed; but beyond this they ars not careful to trouble 
their mtmontt. Their vesael runs agrouod on a ahoal; the difficulty is surmounted 
vrith or without assistance, and si fo^iUn. 1 cannot fix, within ten miles, the spot 
where one of the Compaoy*i steamers was totally lost seme years ago. 


Jloisont of thevo diffioolUoa 
kfodo of auQnirT pacwwa r y 
to elicit truth. Imperloci 
records. PorplexinKooD* 
t fsdioliooi of noU tu navi • 

pitur’a Uibino&7. Why 

ji ilKwId be eoi with oi* 
live iiitjiude fbr remem* 
beriog locuHtioa 
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6^Th« lutire pUota doobUets m betUr infonaed. ud undi aw matter 

Wot** tbo axteDt and iatereit to them in thrir vocation, than to the ordi- 

»i 9 0 / t^iururmaUua "^7 AangAon $ but they hare yearly to gain freaU mlbnsa- 

tion regarding their rei|>«ctife bentit the caper ieoce of the 
preeediDg year is of little avail ; and 1 apprehends that their expenmental discoveiy of 
obstruelionj, is more frequently derired from veiseli in their charge coining in con¬ 
tact with them, than from any previous knowledge derived from a careful survey, 

' and conrinual aoundings. 

6.—It is then primarily necessary, as part of a scheme to remove obatnietioni to 

the free nafigation of the\3aiiges, to insure a continual and 
prompt tnntmiHion of the cxpencnct* of competeBt per- 
eouiuandert of steomen. eons. For this we most look to the commanders of the vari¬ 
ous steamers which f]j on the Ganges, tlatracti from thbir 
log# will doubtless be cheerfully contributed. Obstruction! will thus be discovered, 
denoted and appreciated. These communications may be digeitcd into a valuable 
and useful record, and the next step will be to^turn it to good account. 

purpose there must be a special agency directly employed, the efScl- 
SpediJ AMcr required ic augmeoted by the lupervi- 

!i^iwle^i2o *tSo countenance and encouragement of Govemdient ofRcera, 
uiimteusoce uid rid of ^ placed in positlor.i which will enable them to render 
Ooveniueot oltiocn. support to an important undertaking. * 

8. —I proceed to consider the obstructions, which exist between the weiirm 

Naluroof UiooWlrucUousbtweeuklir^oor extreme of the Mirupoor diiti/Ct and the 
aud iLo GMiulce. GoomUe. 

9. —Herein, as far u my enquiries have assisted me, it appears that the locality 

of certain rocks and kunkur beds are perfectly well known 
to native boatmen, and Captains of stcan:ers :* they can be 
avoided; and altheugh their removal or reduction would be 
a greet advantage, yet peculiar professional skill must be 
called in to estimate the cost of effecting tbe whole or por- 
tional reduction i and they must necessarily be reserved for 
future consideration. A correct record of these permanent* 

obstructions within the Uenaree Division, will be attempted ailcr the recess of tho 
Ganges, to be hereafter submitted Co Government, and if necessary to be inserted hi 
the public prints, to invite attention and discuuion respecting tlm most practicable . 
method of effacing them. It will rest then with the Government to determine, whe¬ 
ther it will he advisable to apply an agency, similar to chat which was used in blast¬ 
ing and dispersing the racks in the river Jumna, with the aids of recent scientific • 
improvemenU. 1 only pretend to desl with obsCractions of inferior character. 

10.>^The obstructions, in this i>ortion of the Ganges, arc sand-banks east up 

diagonally of tbe main course of tbe Kiver. The most com¬ 
mon, are, what may be ealUd, hard banks in eontradiBime- 
cion to shifting sands: beesuse the former have gome pge- 
iensions to permanency i tbe Utter have none. Of these, 
tbe most notable is a shoal below Sultanpoor, and another 
fiot far from Minapoor Cantonment. These, Usiyear, proved 


Rovkii end kunkur bed*; a 
sod Mcurate ro- 
curd in cnur*e of cmniil- 
InCion. Their ircatiuent 
renuiriu# Mcubir pmTt*- 
•.itmri •>km tn be sppliod, 
it «il I be bcM er to raiervo 
them for Kubsoquent coo- 
sidcratiuQ. 


Hard mod bank/, cisxcK 

iwU/iUf lb* mria clunoeh 
ill* onliuarv i/taAructiona 

fiuoewafdl exMruaent of 
romorri br Urior Hill. 
Urn sppantui describaJ 
and hnprovemenlt lUg- 
sartid. 


• Perbap* I ought to make a rararve re^rdlat the ro^ asar Deochsepoor, iwpeatod bp lieoa* 
live Ofioers of the IHvirioa, bp orden of Oovernmnii, » 
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% acrioos impfdimeTkt to novigtilooi aad^ la one, the diffieuUj wta OTmome by 
a veij ab&pb proceei. Major Hill, commasdiag the 4tb Irregulun at.Saltanpoor, 
(of wlioae eiperunent the public ere ewere,) effected a paseege through the obnozioua 
eboal, by a proceea similar to what (if my memory serrea me,) b called ** jobbing” in 
the Thames. He formed a ffeet of boats ia the shape of a cone, the apex dovB stream, 
•nd with a narrow opening between its points, at the lower ude of the sand bank. At 
thia point, deitem jobbed or excavated a paasage, and thus proeeeded upward through 
the aboal. Their weapons were a common sharpened paddle secured to a stake or 
bamboo. The cut, once made, was soon widened and deepened by the operation of a 
known law. of rivers; the superincumbent prcMure of water being increased by the 
increased artificial depth in the first instance, and the ener^ei of the river always 
seeking a new channel, being guided into one• excmthted for it. In this manners 
barrier, which it would hate been worth the while of the steam companies to remote 
at the cost of thousands of rupees, was effectually disposed of at an outlay of about 
Be. 27. Major Hill’s apparatus, simple as it hM been represented to be, is susceptible 
of improrement. It could not, 1 understand, be moted without delay and difficulty; 
the delters oceaiiodally lost their footing, and had to swim. Whether this be cr./ect 
or not is no matter. Major Hill’s plan was good, and the experiment completely luo 
ceisful. 1 have attempted,,In the inclosed rough sketch of what may be called a noo- 
to convey in idea of the plan which succeeded; «ind ths additions 1 would 
suggest, are two boats securely anchored, at a distance from each external angle of 
the cone, with hpwiers commtuucattng to Uie liindermost boats. With these, and 
a crew in each, the apparatus could be hauled up stream, or allowed to drift, as neces¬ 
sary, while life gaskets, or bits of ro;»e, tied to a pole securely fixed transversely of 
the foremost, would enable the workmen to secure themselves from being carried 
away by the stream wli^le delving and loosening the shoal. The only essential point 
to be observed, as a preliminary to operations, is to ascertain precisely the direction 
of the underw^urretjt. It can always be.discovered with tufficient accuracy by throw¬ 
ing a cylindrical piece of light wood vertically into the stream, and noting carefully 
the direction lu which it rises to the surface. 

11.—The firm sand shoals, which occur in the portion of the river under con- 
« rideration, it u tliui argued, may be overcome by movable 

btndels with the means of delving. And ths singularly 
small cost of such undertakings has been shewn by Msjor 
Hill’s felicitous experiment. 

come now to the third portion, in which there is an obitmetion of 

The BtiUMh flat., exi.nt, difficulty, which nj»y be oiled the Bnlleeah flete. 

pscuUaril^'pbeDomsDon, What the natives call the BuUeeaAAa^pane€f and the com- 
S5 osc?S 2£^ “plana- maodm of steamers, ** bad watCT,” ia certmnly not less 
• tbsD sixteen miles. The stream of the Ganges throughout 

this extent ii a race through ehifting Sands. It isimposelble by external Indications 
to ascertain the principal or the practicable channel; continual sounding and 
ilackened pro^eu, are eonrinually defeated by the suddenness with which the drift of 
sand teruinatee. Not unf^equently, the wearying process is necessary of warping the 
vessel over a series of ^shoals. The mutatioue, too, of poririona of these obstacles, 
are extraordinary, not only for their extent, but rapidity. Tht knowledge of the 
pilot, obtained by labour and obaemtion, Is liabla to be fruetrated by a sudden 
•hift of sand within the period of a few hours. There is, moreover, no little danger, 
of the vessel bring eusjirised in the progrees of those ^bangei; of Ite being enveloped 
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in BCGumulatioiu of sand OTormastering the.exertioni made to ettfioata it; and of 
thu% being Embedded in aaazidj prison till the river volunteen some eurprisipgcbange» 
or the retnrD of the rain^ season driau tba vessel beyond the reach of its enemy. 
No satisfactory explanation haj» 1 believe, been gjvtn of this phenomenon. The 
oativei content themselvea with dseigniog, u a reason, that a superabundanceof btUo^H, 
or aand, is washed yearly into the Ganges, fj^m the surface of pergunnab Zamaneeah 
on its right bank, and Bulleeah on its left. The course of the river does not appear 
to have undergone any striking change, do ring the last twenty years; for, on com¬ 
paring Colebrooke and Prinsep*s map (above alluded to) with that o( the ^ceift 
eurv^, except a recess from the town of Bulleeah, dnd the appearance of a large allu¬ 
vion called the Ooniurpoor l>earab, right of the main stream, (iuitead of left u before,) 
no variation is perceptible. There may he something in native superstition Tand as 
some sisign the Bulleeah ohitniction to the malignant infiuenee>>f the Kurmnessa, 
this is not altogether unworthy of enquiry. *Certaiu it is, that, the main difaculties 
are between the junction of the Kurmoaiia on the right, and the little Surjoo, which 
is believed by some to have been once the course of the great Sutjoo, or Oogra, on 
th^eft. 1 have been told that there arc sunken led^ of rocks intermediats of 
these points; and although, from the perplexing contradictions of native testimony, 
1 am unahle to fix them, I am inclined to believe thrir eqUtence; for, their existence 
proved, woitld 1 think 4n great measure account for the peculiarity. It.would bo 
reasonable thence to infer, that Uie river, restrained in its under-current by aucli an 
obstacle, when precipitated over it into a soft sandy soil* would uhibit the present 
peculiarities of increased rajndity, in certain parts of its course JVwhlrlpi )ls, eddies 
and shiftiug sands i which separately, or altogether, make the Bulleeah waters to 
UifHcult a part of the river navigation. 

13. »0ne of the remedies suggested to rectify this evils is, to cut a canal along 

the chord of the are, which represents tV.e rivcr*s present 
coi»r«lfrom Bhuo>wleein the Ghaieepcor district on the 
eidief.bai^ro Bulioeahor left bank, to Doobowlee on the right, in the Abrah district; 
or^WaeoontrovMlSL^'^ tiere it may be remarked, that the contour of the river 

at the Tonse flats (to be hereafter alluded to) is much the 
same as at those of Bulleeah ; with the difference, that the Surjoo and Bewah Tonse 
enter the Ganges on opposite sides. A similar canal, in the Utter case, would be 
projected from Dumah to Barrah. But we have the great authority of Renuell 
against such a messure. He has shewn that, wherever the soil is loose, the constant 
attempt of the river la a canal, will be to assume a serpentine course. Besides the 
extreme probability of every season closing the mouth of the canals with sand; there 
is bis competent authority to assume, that the experiment would fail, owing to the 
yielding nature of the soil of the bank, on which bays or caviriei would be formed i 
which* agiun, would b^t an inflection of the current to the opposite side wish the 
matter excavated left in its transit in the midchannel, and thus support the stream in 
the similar erosion of the opposite bank, with a similar resolt. Besides, it has been 
clearly shewn, that in those rivers, the least impediments are to be found, of which, 
by the exceeding sinuosity of the course, the stream is gentle. DiminutiOD*of the 
race of the Ganges on the Bulleeah flats, is the derideratum. Increased celerity, by 
curtmlment of distance, would only magnify the eviU 

14. -—The probability of tefluring a permanent channel by dredging, with all the 

BredrinBitbc sucom tvo* advantage of sclentifle apparatua and the agency df steam, 
UMMa^jn^eappUca j problematical; and it would bo 

2 1 ’ • 
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injodirioai to recommeud the triil of expeniire metnr, unUl iimplof expedientf 
liAve been Attempted. 

t5.^olonel Pew. with the comraendition 1 beliere of a reiy competent totho- 

ritj. Major BoileAo, hae euggeeted the trial of a limple 
aereen or bodgo, bendde •nnaratui. 1 do not know a bettet name for it than errfen 
' bandeis. The ^principle ii to induce the Rirer, to aiiiat m 

forming a channel an^ adhering to it. The different exhibition of aaiida» the greater 
extent, and the more difHcult application of meana, compared with the bard land 
bank* above .treaUd of, rendere a aomewhat different proceu neceiaarj. Theie bandeU 
muit ncceuarily be of greater length. The ap|totiia will conaiit of a deet of Boate, 
at aoDle diatance from each other, in two Udm; with ropei to each, atakei at intervals, 
and htwaera patting from end to end, to which wU) be fatUned bunchet and bundle# of 
the common Bhyr koonta, (or Falla thorn buah.) which will be imbedded in the land. 
The ahailowneit of the water will render ihia eaailf practicable. The conrae of the 
stream will have been previously aicertained; and the effect of judieioiu location of the 
linea of bandel, will be to induce an inflection of the ctimnt, from the one to tiie other, 
io that eddiea may be formed behind the screen in which the sand will be depoSXed, 
while the current (with or without aid) clean the intermediate channel. This proceaa 
It it conaiderel will both .effect a channel for, and indicate it to, the navigator. 

Id.^These meant are aimple and inexpenaire; and the perfect aucceii, which 

attended Major Uill’a experiment last year, it lufficient 
argument that they should be tried. 1 recommend their 
trial. The material is at hand; both aidea of the river have 
abundanceofDingheet and Mullahs; country rope and twine, 
atakei or bamboos, and the thorn buahea alluded to, are procurable in any quantity. 

17. —But there mtCit be a special agency, and it is important that it should be 

efficient. A Superintendent should be stationed at Bulleeah 
to laperrue. with the aid of those immediately subordinate 
to him, the clearing operations, aa the nature of the diffi« 
euUy may require; and to institute a close and srientific 

semtiny of the nature of the country, and the peculiarities 
of the River Ganges and its tributaries. This Is not to be gained iqpttrip up or 
down, or a mere gallop over the ficlda. A scries of careful levels should be taken; 
Che variations of slope should he ascertained; the bed of the river should be mi¬ 
nutely studied, especially in the vicinity of tributary streams; and the existence of 
supposed rocks, and such permanent barrriers to the free course of the river, should 
be detennined with notice of their eff^ects upon the current above and below. 

18. —Bulleeah is a suitable spot for the ordinary residence of the Superintendent, 
BullMihprefersblfi to other because of its approximation to the principal difliculiy. 

Dwelling houses are avrilable, and there is a regular post 
between the Teheeeldaree there, and Gbaxeepoor. The necessary communication can 
tbne be mrint«ned>$ and, in emergency, aasiitance can be rendered by the district 
establishments, fiscal and police. 

* Ib.-^Tbe Superintendent should he permitted to hare free access to the records 
. . ^ professional survey of the district# in the Benares 

XO uiOv A ^ * V W j# ^ ^ a a 9e« a e A 


lUcocPBiM Jftiioiu for th^ 

uDftll ejuM: 
fidlitiM of proevl 
material. 


D# 


Nsomty of .. 
Supenatendofit to bv (o- 
eaira at bullooah ordioa- 
ril/. Ujj dulisi aadoo* 
cupationa 


lwrintoe£i>i from Go- division; and the Sudder Board of Revenue will be able to 
voram^et OAosa. Supply him with the district maps of Ghaaeepoor, Benarag 

and Minapoor. Doubtless, a map of the Shahahad Strict, may be obtained from 
the Commiisioner*i office of the Patna Diviiioiu 
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20.~The immediate subordinate ^nej should be Europeans. Such men can 

be obtainql sod replaced if need be, srUh the aiJ of Major 
Stewart rroiuCUunar; each would have bis allovted portion; 
hi I boat and crew; receirinj^ orders from, and reporting to 
his superior, with their aid, bandcls will be formed where 
necesaary for clearing operations; dangers will be noted; 
and information obioined. It will bo primarily necessary to impress upon these 
men that they must cousider eirility id all, and especially kind treatment of the 
natives, their most necessary quali^cation: rudeness or violence will lead to instant 
dismissal without appeal. This is more important than may at first sight pppear. 
These men will come In contact with various classes of jftople; much of their useful* 
ness will depend upon eruiniries and consultations. They ranimt bo too stroi^;ly 
advised to conciliate alike the good will of the Cap fain of a steamer, and that of the 
half-naked native boatmen. In thc employment of Europeans, there is, too, ati 
assurance, that, no extortions will be atiemptpd upon boats In transit. 

^ 21.—The Commanders of Steamers will, it may b^ assumed, readily give a free 

passage to thc Sii]ieri^tandcnt up and do>vn In Ills voca¬ 
tion, and allow his subordinates occasionally to attach 
their boats wliai proceeding; up stream. Coloned Pew, 
the principal member of the (lOiigca (Company, ffillingly 
accedes to this proposal. lininy be enjoined by authority 
on the Commanders of the Government Steamers, much, T have hint< d, depends 
upon free communication with these officers. It may be presumed th *t they will 
readily give all the infuraiation they poaieas, and attention to any o bstacles they 
have encountered. It would be benedcial, if^hey recorded jn tlieir logs having matle 
such communication; and tho Superintendent should be allowed to make transcripts 
therefrom, of whatever may ba^seful for liim to know. 

22. —Thc GoTemment have in those *two portions of the I .no, ofRccrs holding 

posftions nt or near the river, who need no cal) to take an 
interest in the measures rccominctided. Tlic Magistrate, of 
Mirmpoor; .Major Stewart at Chunar; Coloned Pew, the 
Magistrate and myself, for Sul tan poor and Benares; the 
Magistrate and the Executive Officer at Gliatccpoor, and 

Major Sherer, the Rupcrintciident of the Stud at Buxar. 

23 . _Of tJie proposed fixed establishment, a Khedulc is annexed. The contln- 

. . went expenses will he, hire of boats and men for construct- 
ment; wbat cxiicu^>«niU bandcls. Such expenses, sanction obtained, should 

be gonUotfcnt: checks. ^ generally paid by the Superintendent; and, with all «•» 
counts, may be submitted to this office for audit and examination. A monthly report 
of operadons should accompany thenumthly account current, and thcreform extract 
should be made and submitted, of any thing new and interesting to Government. 

24 . _The Government may be able to provide an officer for the duty of Superin¬ 

tendent; but if not available, Colonel Pew h of oj^nion that 
a Mr. Lloyd, who has received the education of a Civil 
Engineer, and came oat to this country, anticipating em¬ 
ployment 10 the Bail way undertakings and is at Lucknow, 
is a competent man for the post. Thc aslory proposed is 
400 Itupeea per meniem; but with the aisurioce on the part of Government, that, if 
they are istiified with this ofiicer'i industry, and luccetaful application of hiji talents, 
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not onl^ to the practical operatioos, bot tbe scleotifie researches above alluded to, 

it should be raised to lU. 50 per mensem. « 

25.—Should the arrangements proposed meet the approval of Government, 

Mr. Llojd (no other persdn bebg available,) should be 

^o^e?by directed to proceed to Allahabad, and to submit his profes- 

sional kuowledse to the examination of Mai or Boilcau, 
ll(uorBoiIetu,Allahihbail , . « . « « . 

whose report wui determine the question of his appoint* 

aient. 
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POSTSCRIIT'. 

the Tonse dais, as far as I am able to asccrtaiii, present difficulties of three 
kinds, kunknr beds, hard sand, and shifting sand. These occur between the village 
of Dcehft and Sursa. The native explanation of the origin of these obstructions maj 
not be ver^ far from the truth; vis., that the river Ganges is more rajAl than the 
Jumna, and carries with its stream avast quantitj of alluvial matter; that, though 
the upper stream of the Jumna Is subjugated hj the Ganges at their junction, the 
ander*current of the former river b less affected; and that its agency prevents deposit 
for some distance, until, in fact, the Tonse cornea into the main river, end checks its 
progress, which causes Uie precipitation of the alluvial matter previously kept in 
suspension. The kunkur bank is said to be the p(i of the Tonse. 

The Commanders of Stesmers consider these obstructions infinitely more manage¬ 
able than chose at the Bulleeah fiats. The peculiar impediments here presented are; 
ever varying channels of the main stream until the eold weather has passed, and a 
genera! ahallowneas of water, when the river has finally settled its course for the sea¬ 
son. The larger steamers of private companies have, in consequence of this ohstnic- 
tion, made Mirtapoor their temunus, instead of Allahabad, during the greater part of 
tbs year. The Government steamers, which require less depth of water, can gene* 
rally reach Allahabad; hut not, 1 understand, without the neeeuity of warping over 
more than one shoal in tbc part of the river under consideratiom 

Doubtless their logs, if examined, would give some more pracrictl information 
than they can be expected to communicate in reply to questioni put in the bufttle of 
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tiuiding paascngera and rsceiving cargo. 1 have learnt so little from them, and from 
enqUlrica Muongat the native crew^ that I can only recommend further enquiry• 
Major Boileau’t residence at Allahabad will enable him to prosecute tho ncceesftry 
enquiries with infinitely greater chance of success from hla vioinit; to the spot, smd 
bis professional abilities. I doubt not liis liMrty consent to this division of labor. 

The schedule of estaliUshmeut/howere^l should observe is fixed for the whole 
line from Allahabad to Itcvelgunge; and the Superintendent will, of course, make 
the Tonse flats the subject of his researchcsi and freely communicate with Majqr 
Boilean. In fact, I should recommend, that every record of scientificvibaervationa 
prepared by the Superintendent» should be submitted to Government through 
Major Boilenu. / 
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ElVEE BRE^K-WATERS. 


^porU hy Major R. Ticksll, Su^intending Sngineer, Lower Provineee, 

ofi ike uMr, klarek 1829, 

No. 1.—MuHoeLAPomt. 

The following eZAzoples of the inccessful epplicition of eiinken breRk*wUers» 
compoBed of bamboos end brushwood» for tho'protection of river^bAnka exposed to 
the action of a strong current, eddies and wind, were lately conununicated to tne by 
Mr. J.'^Vatson, of Furrcedpore, proprietor of sereral indigo factories between Surdali 
and Commcrcolly; Amongst others, that at Mundelapore, about three milH above 
the latter place, where in lb23, be sWes that the Goorye had made such rapid 
encroachments on the bank in front of his factory, as to endanger the vats, between 
which and the edge of tho bank in March that year, there only remained 15 feet, as 
shewn in the Sketch No. 1, (9ult Jppendis)mUtn be laid down a break-water 
60D yards in length; that is, extending 500 yards above the vats and 100 yards below 
them, at the distance of about 15 feet from ibe bank: the rope on which it was 
formed, being secured to a stout bar of wood, buried 4 or 5 feet in the sand at D» 

2. --The break-water was composed of large bamboos in their green state, with 
all thdr leaves and bronehes on, and branches of trees or brushwood, placed alter¬ 
nately i the hrst lashed ou by the root-ends to a 4 or 5-inch rope, at 5 or 0 feet apart, 
aitd the branches secured in similar manner between, (see Sketch Ho, 2 i) find the 
whole gradually sunk to tho bottom, as it was constructed, and retried there by 
means of gunny bogs, filled with sand, which were made fast to the rope above- 
mentioned at the distance of every 12 or 15 feet. 

3. —I need scarcely add that the intention of the break-water thus described, was 
to induce the formation of anew sand bonk in front of tlie factory, and by that means 
to throw off the current towards the opjioai^e side, it being expected that the bam¬ 
boos and brushwood offering Uitlc or no obstruction to the stream, w'ould yet arrest 
and gradually collect around them, the sand, mud, and weeds, Ac. brought down by 
the river. The result, it would appear, was more successful than could have been 
anticipated, and the state of the river in March the following year, is shewn by the 
dotted line; the bed bavins; filled up along tlie line of experiment, and to a consider¬ 
able distance below it, from 20 to 28 feet; and rctoiuiis so to the present day. 


No. 11.—Mosbmpohz. 

The Mozomporc factory [at the head of the Goorye River opposite Coosteali] 
also belongs to Mr. Watson, and in 1824, the vats were found to be in a still more 
dangerous state than those before-mentioned at Mundelapore, being u^lenzdned so 
much in some warts, os to admit of the bottom of the foundation being seen from 
below. ^ As in the former cose, Mr. *WaUon bad recourse to the lunken break-water, 
and with similar success, the bed of the river in front of hU factory having filled up 
in tbe course of the following and succeeding years, as shewn by the dotted lines in 
the Sketch No. S. 

2.—In this instance, however, he substituted a chmn of bamboos, fastened one 
to the other, for the rope to which the floating or vortical bamboos^ bruihwood and 
sand bags were lashed oa so before described, 
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3. *~A considmbie ptr( of the b^tik ebore the veti A, bed been exeeTated and 
swept awaj bj eddiea, aa also lereral other parta higher up, although in aleaa degree. 
The bottom 9 of all these hollows, tg a lerel nearly with the water, were corered with 
large brandies of trees ■nd> broshwood, aeeured bj stakes driTen in beftveen, and "the 
bead of the break*water was made fast by a rope to a bar of wood buried 4 or 3 feet 
in the sand at S, 

4. —-Aa an additional seeiiTity,*and to prerent the break*waier ftovi being carried 
in towards shore, when 6rst laid down, Mr. Watson recommends its being anchored 
to 2 or 3 aand bags aa shewn at C. C. (SitHck iVb. 2)j —a precaotion particularly 
necessary when floating break*watega are used; which are constructed* in the same 
manner, of bamboos lasbed together; and form a good defence to a high prejipitoui 
bank, exposed in stormy weather to the deatraelive efleets of the wares beating up 
against it by breaking their force, and allaying the motion of the water in sliore 
between the bank and break-water, bowevenrougb it may be on tbo outside. 
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BREAK-^Xl&E IN THS JUMNA, AT AGBA. 


JjHitr fr^ Captain J. R. OLoraiA, £we«6*ve Snyintfr, to P. B. Aiio, Esa., 

Stcntary to LooiU Jptnti for Mr fianagment of ifutiool Fundo^ Agra, 

doled Agra, the 2Stk Aitgaet i84T, 

Bin, 

Hanng completed the meoture, laggested hj me to the Local AgenU, end Autho¬ 
rised bj Government, for keeping the AUmnd roed under the Fort at Agra from being 
further away bj the action of the atream of the Jumna during the present teinj 
aeason, '1 hare the honor to forward a atatement of the expense incurred, and to report, 
that along the portions of (he strand protected bj a chain of bushes, not only has a 
particle of the bank oot been washed uway, bat that I bare reuon to hope, that 
throughout its length, about I,b00 feet, a bank of allurion has been formed, varying 
in breadth from 10 to 30 feet, and in d^ptb from 9 to 6 feet. 

The part protected is from the 8hab Booij of the fort to below the water 

The sectiou of the bank, nearly throughout this 
^ length, showed in a marked manner the effect of tho 

stream on it Ust jvaxi being much indented, and 
nearly perpendicular: which is tlie form in which 
the allurial banks of large rivers in tbeir outer 
bends are usually left whilst the process of en* 
croachment is going on. 

It will probably be observed, that the portion of the strand road, whicli lies below 
that which has been defended, hu ndt suffered injury any more than that which 
has; but the Inference must not thence be drawn that the defence was unnecessary; 
1 need only drawgattention to the differing section cf the strand, and the differing 
direction of the stream of the two places, in fact, the parts undefended seemed to 
me safe, and 1 proposed only to defend those along which the line of bushes lias been 
laid. 





X 




The river having been late lo rising, I had, thougli 1 commenced work late, time 
to lay down the row of bushes before the water rose to the foot of the perpendicular 
portions of the bank on which I feared the action of the stream; and when it did rise, 
1 bad the satisfaction of seeing that the bushes produced perfectly stilbwater in the 
space between them and the bonk; and that the stream in place of cutting away the 
foot of the latter wu entirely turned by the line of bashes. This stilbwater naturally 
produced a deposit, which on the falling of the water after the rains may easily be 
measured. 

Beeidea proiecting the bank for the distance above stated, X have lead a double 
row of bashes in the stream across the embayment formed by the total breach of the 
strand, at its eastern axtrcmlty where it meets the inland road to the Taj. This row 
is Imd in deep water, bat 1 expect when the liver falls to an unbroken bank of 5 
or d feet high along the line of baches, leaving a pool within them unconnected with 
the stream, which may be filled up in the cold weather, and the strand once more 
connected with the road to the Taj. • 

Besides these two more extensive lines of buahee, 1 have in some degree protected 
the bridges on the line of the strand, which seemed in great danger of Mog left 
isolated, and probably loffering considerable injufj. 
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The liream thia year has, 1 sboul^«npj)OW, been both 1<Fver end more tranquil 
than uBooJ, and my precautions for keeping the line of bushes from bdng carried away 
bare been greater than neceu^. *1 have used throughout two ropes of moonje grass, 
cacU measuring 2) iDches in £weier, and frequent anchors of henry stones, whilst 
from the rapid setting up of tne bed of the river where the bnsbes are laid, they get 
so soon elc^ged thereby, as to render thegi little liable to disturbance, specially as 
they offer at first bat little redstahee. 

Of one thing I feel almost certain, that bushes anchored with tbeir branchcf 
pointed towards the source of a stream holding much eartliy matter in surpeusTonr 
will form banks at any points required, and the^ may be added to, annually, until 
they reach the highest water level. • 

In conclusion, 1 have the honor to observe, that the strand road has xikvet been 
completed(that fora considerable distance it is too low, and is tendered lower annu- 
nlly by want of a sufficient number ofailvefU across it, to drain its surface water from 
Us inner edge: and that a great quantity ofcarth*work is required to replace that 
which has been wuhed away at the paits^protected this year, and at the several 
bribes over streams crosaing the strand. * 

The best protection to the strand would be aline of well built ghfits, and consi* 
dering how tlie river is held in honor by the Hindoo porUon of the population, and 
bow important a good quay is to all tlie commercial people, I hope, that aomo of the 
wealthy inhabitants of the city of Agra* may be induced to supply this desidtratum at 
least partially. 

In the meanwhile it will be advisable to plant the sloping bank, ^«leTy acquired 
by deposit from the stream, with jbow, as soon as it is left dry by thr receding of tho 
river; if this is done, three or four culverts ^ilt,and the roa^l restored ct the bridges, 
and at its eastern extremity, I think it will remain, aidch in the state to which it 
was originally brought, for many years to come, especially if timt'ly petty repairs arc 
made as occasion may requirfif • 


Leller yhoM Captain J. 11. Oi^fibu>, Exetkiioe Ahytaecr, JOiA DivuMHt to ih€ 
SlCRBTARY to the Lowl Agtntt at Agra, tftdrA %fOtA SeptewOer i84S, . 

Sir, ^ 

In sending you again the plan and estimate* submitted in December 1847 to the 
Local Agents at Agra, 1 have the honor to state that no portion of the ground gained 
during the rains of 1^7, by protecting the bank of ilic strand with bushes, has been 
lost tills yesr, and that the three short spaces filled up in the beglbning of 1848 have 
hod an excellent effect in widening the boM of the strand, to admit of its being widened 
at top. • 

This bise might have been easily widened still more, by putting the buabes far< 
tber out, but 1 was anxious to preserve the wharf, as well as the road,^nd»th^efore 
to keep comparatively deep water along the strand, especially under ilie Fort. 

This year the principal force of the stream has been thrown on the bank between 
stations marked *2 and *8 (in the plan,) and ibis port ion cMiiequcntly received far¬ 
ther protsetion at the beginning of the rains. w • 

* OwllUd la print ss ast rsqoi>iU. 

2 r 
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At the point where the etrtnd joint ^the^Toj rood, whidi wit completely broken 
through, in excellent bite het been obtidned, now well ibore wmter, for rcftoring the 
communication above higb*water mark. 

The importance of the etrand and wharf, ao far el it Uea nnder the Fort walla in 
a military point of view, led me to biing the inbjeet under the conilderation of the 
Superintending En^neer North Weatem ProTiocea, on the oceaaion of hii riaiting 
Agra lately, and under inatmctiona from hitn, I am now preparing an eatimate for 
rtiaing and repairing the portion lying between *1 and *16. 

The eatimate, howereri doea not iimlude a metalled road, which it left for future 
coniuderation. ' 

< * Omitted in i»nfit u not reiuiilti. 



atuBcnoiff rAon m kicorm or oommuar, 2iT 

BRICK-MAKING MACHINES AT ROORKEE. 


X.— Mkmor4Soa e» Hall’* and AiNnjue# Bmioc-iusuio MAcHwn. « vMtf m fii* 

Roobku Brick Fiklm, Lia,l.-€olo»el P. T. Cactlky. Dirttlef Owiftt 

Caaat Work*. IMtd MuMoorie, 29tA Jpril 1850. 

Tie muoi »7 work* on the Gtnge* C*n*J in the immeditU neighbourhood.o£ 
Roorkee, • town iitu>ted 23 mile* 5 . S. E. of tbe.town of S.h*rujipoof. required for 
their conpleUon in round nnmheie, 1,000 Ukhi of brick*. iDet*uriog 12 * br 6 'by 
2 J': the period fixed for the completion of th**e work* w*« *iz year*: • nuutitT of 
brides therefore eqtul to 166 or 170 Ukbs wu repaired enniiallj^ 

2 . —Without entering into • detailed, eutement of the ariMgefiient* made for 

the manufacture of so much materia], the collection of so much fiiel, or the concen¬ 
tration of inch laige bodie* of laborer* at a^ point near the Sewalik forests, and in 
• cq^ntry whose inhabitanU are chiefly agricuitiiral. it may beenffident. i»ith reference 
to the heading of this memorandum, to draw attention to the mere difRculty of pro¬ 
curing in sufficient abundnnoe, briek-moaUUrt, or men to make and mould the bricks, 
prrriouslj to thrir being plscbd in the kilns. * 

3. —The brick-making season U from the tit October to the 15th of June, and 
(deducting Sundays and rmny days) two hundred days in eacli year may be considered 
a m**imnm working period. Supposing, therefore, that each brick-m'.ulder made 
800 brick* per day, one hundred and fire men per day would be required to make the 
number of brick* required for the Roorkee work*. 

4 . _To collect 10 many brick-moolder*; and maintaimihcm cmstantly at work, 
coniidering that thmr acrricet were not required for three and a lialf months in the 
year, wu a matter of rery tetious difficulty. To be utterly dependent, on a clau of 
people, moreoTcr, who absented thenuelreawhenerer it inited thdr conrenienee, and, 
who, knowing how dependent we were on their seirict*, took adrantage of their 
ability to cauie interruption by repeated HrHet, wu an eril of firj great magnitude; 
it was tn aril in isct that nitchiDarj alone could get rid of* ' 

5. —I>oring my Tisit to England in 184$-47» mj attentioD wu eoxiitantlj direetad 
to this point The Ole machine, infented by the Marqnii o£ Tweedale, and other 
apparatus both for tUe and brick-making, were folly appreciated in Ea>ope. Mosul 

the French Engineer on theBarage on the Nile, where threobrick-machinee were 
at work, had ahewn me Wcks made by thu^maebinery* The question for me to de* 
tenmnewai, the ^licability, or not,of machinery of the sort almre alluded to, to our 
works litnated at a gibat distance froma foondry, and at that time from all practi^ 
mechanical md. In all my enqiiinei in EngUnd, I was uniTersally referred to 
Amalie’s bri^ and rile machinery. It spears to be in common use, and is eiceed* 
ingiy simply both In principle and eonstracrion. In the manu^actore of either bricks 
or rilea, the elay, which has been properly prepared and tempered, Is passed through 
iron rollers, and firom these through npri^t nmulds of the form that^be^ock or 
rile is to be made. The moulded clay as it than comes out of the latter is cut off by 
wires into the langthl required. This machine is made of cast iron, with iron spur* 
wheels, the breakage of which in (he upper proriaees of India would lead to ineon* 
Tenience. Its simplicity s^pears to htre reeommfkded it to the English briek- 
makers, bat the chance of breakage, and (be diffienUy of replacing cast iron wheels 
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it i dijtince from a fouDdry> wth io tone mwure oppoMd to Ui tuccett at a remote 
province in northern India. 

6 .~Aa the appartiu hovever had itood the prdeal of much nae in England, end 
WM highly recommended* 1 thought it adTieable* to risure progreae* to direct ti*o of 
iheae maehinea to be tent to Eoorkee* and 1 did thu with greater confidence* as I 
found that the loaa of a few teeth in the ipQr*«heela did not afiect the proper working 
of the machine, and that by sopplying myself with spare wheels the chance of diaap- 
pointment waa amall. 

' 7.«Up to the present period* however, we have totally failadis aucceeding to 
get good bricka from thia machiae of AinaUe’a * we have apared nrither time nor 
paricnc^ in endeavouring to detect the cauae of fiulnre* and 1 have come to the con* 
elusion, <hat the quality (a point that we shall hy practice be able 1 hope to rectify) 
of the clay used at B^rkee is not capable of retaining its form under the proccM 
required by this machine: clay of every conaistency* u r^arda moisture and temper¬ 
ing, has been tried without success. Mr. BcriTener* the manager in England, writei 
through the Secretary of the Company, ^bat 1 am sure howerer, it will do when the 
** nature of the clay ie well Underetood; the fault of the brick being larger on tlu* 
bottom can be remedied by taking out the intermediate roUera, and sulutituting a 
** plun board covered with a cloth; and if it comes out rough on the upper side* you 
*'must put a piece of wood at the hack.of the die to hold the day bock, thus forcing 
** it to the comeri: thia I have done with some clay, and alwaya found that it bad 
the desired effect.” 

8 .—The dreumstancei alluded to in this Extract, are those which 1 pointed out 
•a the result# of our trials* vii. that the clay In passing through the die, or Ibnner. 
was tom and disfigured at the edges, and that the brick itself lost its rectangular 
form in passing from the die upou the'rollers. The latter circumstance evidently 
irises t>om the weight of the soft and unsupported material. I^aylng aside the tear¬ 
ing of the edges* the shape of the brick as turned out ftoxn Ainslie's niacluno in the 
Boorkee manufactonea la thus:-*tbe dovteJ line shewing the die or hole through 
which the clay is foned* 


no. a. 


FIG. 1. 



1 shews the true form that the brick onght to assume on leaving the die. 
FV* ^ (1^^ which if Cakca in practice. 

Rgnre 2va admirably adapted to the roissoirs of email aegmeotal arches, snd 
the bricks so made may be tunied to account In the conttruecion of drdns and cul- 
Terts. 


9. —'Ur. Finn is now engsged in making further iriala with this machine; and I 
hope that his endeavours will be crowned with the iucoeas that he deserves. 

10. ^Vhen inipeeUng th^ machinery exhibited at the agricultoral meeting at 
Northampton in 1847,1 observed a brick-machine bearing the inscription of ^*Haira 
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* patent.** Aft«r fonher enqniijaiid procMding to tbc PAtent«e» lU&ioina of Ipswkfa, 
at which pfpce I visited the brick-fields where the aschine was osed* I wu ao much 
struclr with its simplkitj tod ^titude for use with our native Uborm, that I ordered 
one to be sent oat to India. |rhe accompanjing reports and tables submitted bj 
Mr. Finn, the ExecutiTe Offiecrof Materials, at Eoorkee, exhibit the results of opera- 
tions with Hall's mscJuDe daring the workipg season of 1846-49. aecompuled hj a 
copj of the printed advertisement^ and drawing of the apparatoi u received from 
Messrs. Baniome and Co. The progress during the present ^ear. 1849-50. has been 
equally suceessfbl. * 

*11.—The description of Hall'swnaehine, whieh is 1 believe an American iuvsB- 
tion. is given m full in the accompanying papers. It may be described thui:^ 

The clay, properly tempered, and worked op in a la^ reservoir attfthsd to 
the pug-mill A. ptsiet through the mill into a tray B, eooiiitlng of moulds for five 
bricks. This tray B. is pushed in by liand,1(as shewn on the left of tlie sketch,) and 
rests upon a platform with horisontal motion gained by the use of the wheel C. 
By this wheel C, the tray, when filled with eigth from the pug-mil), is pushed forward, 
ilfttiyt comes into position under the pressing apparstui, the pressure Seing gained 
by the downward movement of the lever D. The tray being relieved from the 
pressure, is taken out by tUc hand from the front of the,machine, and carried to the 
drying ground, where it«is emptied aiid brought back again for further work. This 
process goes on as rapidly as trays can be supplied. • 

12 . --In bringing a machine of this tort into use with our native eitrMishment, 
it was natural that interruption should take place in the commencement Mr. Finn, 
however, Lad taken the precaution of drilling a party of bildars into the motioni of 
the machine for some time before be allowed bricks to be made with it. Brick- 
making therefore was commenced with very tolerable expertnes^; end, with the ' 
exception of slight dclsy ftotn oceaslona] breaksge to the machir >, and from time 
required to gain experience on^e proper state of moistare, in which the clay wu to 
be supplied from the pug-mill, the machme* hu proceeded steadily at its work. It 
will be observed that the nuinber of brinks turned out daily, fro^ the period when 
tolerable practice had been gained, averages ^0,000, with a maximum of 11,670^ an 
amount fully equal to that held out in the advertisement. 

13. —In the Roorkee fields twenty-eight men and four bullocks per day are 

employed. This eatablishment includes excavating, watering, and eanying the mould 
to the pug-mill rcserroir, in.addition to the working of the machine, l^e MtablUb- 
ment noted in the prospectus, as used in England and America, of'one horse, two men 
and two boys, can hardly include the labo^ reqaired in digging and preparing tho 
earth. We hare found bullocks preferable to horses, and use the former accordingly. 
In oil other respects the manufactare of bricks b carried on exactly, as it would be iii 
an English brick-field. « 

14. —The sue of the brick is 9* by 4* by 3*, Che same as used in England. We 

have succeeded in burning them nifliciently, and the tnassiveneu of their proportions, 
secures them from breakage, which Is an evil that we greatly compttin of, in 12* by 
6 * by or V bricks, which we have been in the habit of using. ^ ♦ 

cost of bricks as turned out by Hall's machine is Co.'s Rs. 54-12-2 per 
lakh, a rate that will in all probability be reduced. The cost of making the larger 
brick hu been Co/s Rs. 91-0-10 per lakh. The cost of the machine in England was 
4D6. and the total coat at Roorkee Co.'s Rs. 1.581-8-7.^ 



2 SD ifeLionoK* VEOH TU mtooEPs Of ooTEEimrr. 

]6«—In conM^nenee of tba*grwt ncceoi attending upon the uie of tbii machii^ei 
wt hare made* ^wo otbert In all aiMtial wi pa c t a tiailar. One of theee ii at leork 
at the Mabewar briek«fielda» on the left dank of*die^laiii aqueduct; and the*other 
at Dhunowri, where the Rutmoo works are in progrm. 

17.^A reference to the tables which accompanj thU paper will bear me out in 
tty opinion, that the rdue of this machine is eaUbliahed, as a efficient and 
uaefat aceeseory to a brick mannfaetory In India. ^ 

. _jLT_rLT-T_nfLn^ 

r 

No. ll^Rfelfonr, hy Mn. JaaiJM,.Fnt9, SgeaUipe OJteer, te Luot.-Oolonsi. ?. T. 

Cautlity, Director Cei^et Com/, dated BoorAee, 26th June 1649, 

Sift, * 

. I b^ leare to'encloee herewith an abstract of the work people employed, and of 
the num^of biicks made daily by Haifa Patent Machine. 

2. ~The machine was set up in October 18d8» snd placed in charge of Beijcant 

Purrant, whoaefint object wu to learn-to work it himself; this he reiy soon accozn* 
plilhod, and he then taught a party of bildari how to use it; but owing to the^tapi- 
dity and awkwardness of these naSn. the machine was continually breaking for. the first 
six months after it was set iji progrew; the frequent itoppagee to our work on that 
account were very disheartening: nerertbeless, Serjeant Purrant preserved in bis 
endeavoari to ^ee the machine a fair trial; he encouraged the bildare, with whom be 
occuionally took a epell at the wheel, and the results have been, that we had the 
latisfac^n of seeing ii work on steadily for the last three months, and of counting 
11,670 bricks made by it in one day, which is about equal to the best turn-out obtained 
in England or America, from a similar machine. * 

3. ^The bildars eiBj>loyed on the machine were placed in the following order, 
til 

11 excarated the day and euried H to the pd^mill ditem, aferage distance 
130 feet. 

2 supplied (he ditem with water, ari cleared up the drying ground. 

3 filled the pug-mill from the contente of the cistern. 

I dcaoed and sanded the moulds preparatory to pasaing them ipto the 
machine. 

; I lerred the machine with empty brick^monlds. 

I on the wheel pressed the mix^ clay into the moulds* 

I on the nrer forced oat the mould. 

I on the mister or strike cleaned top of the bricks, «nd rdsed the moulds 
to heads of the carriers. • 

6 carried the loaded moulds ikom the machine to the drying grounds. 

1 relieved the carrieri of the moulds, and placed the bricks in regulu lines 
nn the drying ground. 

Total 26 Hldaia.' 

d.^Th* siie of a machine-made, hnbarai brick ia 10* by 4}* by 3(**148d cubic 
Indus. For 11,000, of these about 930 cMt feet of earthis reqoMs therefore each 
of the eleren bildars employed on excavation, Ac had to dig, pulveiiae, and carry Co 
the pu^mill dstem, about 90 cubic fact of clay. 

* A tticihioe ef this kted made el Becrine eori about Bs^ M. 
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* • S.^^Briokf nude hj the meebipe for the left month hiTe eoit on ui ermge 

Re. 34>12*2 {ler lekh; end the rete of our bricks with the hand on pueke (emces it 
^ Roork^ during the feme mouldy meoth (Uej 1642) wee Be. 91'0>10 pee lekh; 
of the bildera, &c., for Snndaje]^ both eases included :—Hiise of the last-mentioned 
brick I2t* by 6** hy 2**. ' 

6 . *~ln the pearly part of the current m^otk^ twentj-eight blldars at four rupees, 

with four bullocks at five annas eadh, made on an iTcrage 11,046 bricks per dap bp 
the machine, and at the same time to nuke 11,200 moulded bricks, the following 
were required, tis. • 

Moulders, @ Rs. 6 per month, •• 14 

Bildars, ® Rs. 4 per month, •• 39 

Total 33 men. 

7. ^At the commeneemeot it wu attemjfted to work the machine horsee i but 
ihep were found not to answer so well as bullocks. Pour of the latter animals were 
emploped dailp cutting and mixing tbe clap^in the pug-mill ;-^two bullocks worked 
fithu ipn-rise until noon: and two more from 2 p. «. untif dusk of erening’ 

S.~-Consequent on the manp times the machine was broken, we had made bp it 
onlp 9,76,016 bricks in tbe past working seaion i nearip the whole of theie bare been 
stacked into a Urge natiee kiln, which is at present being fired. Some pucka bricks, 
howerer taken out at its month, seem close-grained, compact and atrong. • 

9.—1 beg to add, that I hare not included the expense incurred o»; repuri of 
the machmnei in the colt of bricks produced in the accompaoping Absiri. t. • 


No. Ill«^^iefpac< nf Ike Wbrk'peopie and Kt • rtf BricJki made 

montkiy at Roorkee, by Hotte Baient bleekine. 


a 


UOXTB. 




Oetober 1641, ... 9 79 

RoremW „ ... 17 69 867 

I>«ee»b€r n 4 20 

Jeo0arpl649> ... U 444 
Prbnisrp „ ... 6 

March „ ... 18 

April „ ... 

Maj „ ... 81 

Sow n ni 476 
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IV.—Uft. JAMfeB Fsrn, iWoc/^ OJUff of MaUriah, N» 2>., Ckatffei 
addremed to Liiut.-Coi^ku. P. T. CAvn.BT» Dirtcicr Gtm^ (Janal IForlst, 
dated Roorkee, 7iA Mof, idUO, • 

The fol) owing eircnmsUnce k 1 thioh, well 
fortheoming report on the mtoufeetnre of bricke 
Gengee Cnnnl* r 

2 .—Previous to tl^r letting up of the first (HelVi Petent) meebine, brought out 
hy yo^x from Englend, the brick^moulders were the most untrecteble nod troubleiome 
class of uie|k on oar worke. We hod then nbont 150 moulders emplojed daily at 
Roorkee and at Mabewar» and th*eir oombinod ^d frequent efforts to evade the doing 
of a fwr day's work, or to citort from us a higher rate of pay, caused much anxiety to 
all coiTeerned in the manufacture of bricks. If an attempt was made ^coerce a 
meidder, ot even 'if fault wss found with the quality or quantity of work^rformed 
by one or more of them, the whole woul^ quit working colleotively, take their moulds 
in their hands, and walk off to their huts, in spite of all remonitrance. 1 can well 
remember ^t they served us in thi^ manner twioe lu one week at Eoorkeo. But 
since the machine has been erected, and the mouldere saw ui turn out froinn 0,*600 
to U,000 bricks-daily, quite independent of their aid« from having been the most 
unmanageable, they have become the most docile of all our «ork*people. At present 
wc have about 200 brick-moulders employed at Roorkee,*Mahewur, Dhunouri and 
Suleen^oor: each moulder formerly mi^e between 700 and 800 bricks oh our terraces, 
and at present every man turns out 900 very superior ones, such si you hsve seen on 
all onr brick fields, in the course of your late inspection* The pay of each moulder 
formerly, who did what was then considered full work, average Ha. 6^ 0 per tiiODth; 
•t present we pay Bs. 6 only, and the vhole of them work on cheerfully and steadily. 
Taking all this into cohsideration, 1 am of opinion that onr possession of Halls 
Patent Brick^making Machine” has proved an immeiiM benefit to the works. 


^orthy of bmng noticed in your 
m the Noftbem Division of the 


No. V,—ISrfreef /rom deoer^on of Atrtsi.iB*e Rntk^'mafdng Machine^ 5y 

Wm. Goruok, SeerHpry ofiK^ Cbeipony ofRoleattek. 

By th^ machines, (for which prise gold-medals were given by the Royal Irish 
Agricultural Sociciy, at their meeting at Balinaslca, and by the Highland and Agrb 
cultural Society of Scotland, at their Meeting at Dumfries, and also at Inverness,) 
draining tiles and pipes of the most perfect form, are produced at a much cheaper 
•rate than by any other machine hitherto invented. 

^e peculiarity of these mschines, is that a cwtinuons stream of clay passes 
between the cylinders, and presses through the dies m the most perfect manner, pipes, 
tiles, or bricks of any form$ and the apparatus is so arranged aa to cut to any length 
and perfectly true. They can be driven equally well hy steam, horse, or hand-power.. 

iqacbincs are so simple ili their ebnstruetjoa* that with common care; they 
cannot get out of order, and any ootmtry-mechanic can euily repair them; and they 
are the only machines by which the hollow brick, so highly approved for building 
and horticultural purposes, can be made. The quaaUty of bricks or tiles made, 

dependi upon the speed aV* which the "*fc*»inf is driven, varying from 4 Co 15)000 
per day. 




AiNSUES BRICK MAKING MACHINE 
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Pfticn. 

• 

A hRnd«{>ower mtcluii^ Inoloding two moalds or dief, 
Ad<litio]ul diet, @ 10 tohil lings etch. 

A horse, ytr itetiD«po4fr mtcbine, including 2 diet, 
Additiontl diet, @ 15 thillingt eai^. 

Horse^power for ditto, •• — — •• .• 

A michine for making tolld bricks complete, which will 
turn out from 10 to 15,000 per dtj, of 10 hours, 

• • 


£ 

s. d. 

SO 

0 0 

60 

0 0 

25 

0 0 

50 

0 0 




No. VI.—Airfroet /^om Me JeicriptioM of HAtit^t Patknt fiRSCR-MACEWi, ^ 

tumkykefvfeJ by FAtDKnrtK Ransoms, {pewted. 

The following particulsrs are copied from an Amerietn paper, printed at New 
York, relating to a brick-machine, for which Mr. Predc^ck Rnnsome, of, Ipiwich, it 
tRe T^tentee for England, The machine can be seen at work at the Patentee's, Flint 
Wliarf, Ipswich. * 

The engraving ropresent^ a machine for making VtcV, patented in the United 
States and Great llritsiif, hj Alfred Hall, of Perth Amboy, New Jersey; showing a 
pit in which the clay is soaked, the mill for grinding it, and a monlding madhine u 
attached when in operation. 

The most recent and npprored method of eonitmeiing a brick yirdi^ j| fdllowi 
The yard should be gr^ed so as to extend from the clay bank one hundred and 
fifty feet, nearly fifty feet being cut oft from t^ie side opposite the clay bank for kiln- 
ground; the part between the kiln-ground and clay baiik^ bcinq the drying fioor, 
should, if not made upon a clay foundation, be faced with clay, made smooth and 
solid, and sufficiently Inclined to carry off the w.itcr immediately after rain. Ou the 
side of this floor next the clay and opposiu*tlie kiln-ground are placed the pits, or 
eats, in which the clay is soaked. These«hoald be equal in sise to one-half of a circlo 
nineteen feet in diameter, and three or three and a half feet deep, made water-tight, 
and either of wood or brick (according to cUmatc and conrenience), the front or 
machine-aide being on a line with, and facing the drying floor, and placed at dis* 
tancea, each to occupy oraccommodate from sixty to eighty feet of the dryjjg floor; the 
bottoms of the pita are on a lerel with the drying floor: consequently they rest on an 
embankment near three feet higher than (he drying floor. At the centre, and in 
front of the pit, stands the grinding mill, a*plank bA resting on a solid foundation, 
six inches higher than the bottom of the pit; it is three feet four inches square, and 
four feet high, projecting fifteen inches over its foundation, so as to.permit a portion 
of the moulding machine under the front of it. In the centre of this box is«an up¬ 
right shaft. In which knives are placed, and on the top of which is the sweep or lerer, to 
which the horse is attached; at the bottom and In front is an opening for the mortar 
to pass into the chamber of the moulding macluno* The bottom of the frame of 
the moulding machine will stand about two and a half feet lower than the drying 
floor. The horse-path wilt be thirty-two feet in diameter, (the sweep being sixteen 
feet from the upright shaft to the place of attaching the horse), pouing round the 
pit and all the machinery, inclining three feet ftom the back of the pit to the dry¬ 
ing floor in front, from which point an inclined plane is graded down to i&e bottom 
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uf tlie moulding reaelilne, for tlie cooTcniaice of ofMoTcrs m going to And from it. Ji 
h03L containing aanJ for moulding is placed near and At the tell of the machine. 

The claj, uiilets it Is soft like putty, or deugik, works hest generally to plough 
ond dry it, putting the water in the pit first. The diy tUy is then shovelled in—not 
in heaps, but scattered so tint every shovel-full sAall go into and under the water, 
scAttering the clay continually in tlte ijeepest, and using up the water, and rising 
above it only when the pit is full. It is left thusHo soak over uight, when it is ready 
to grind. 

Having thus prepared the yard,—with the kiln-ground on one ride and the 
machino on the other, the drying fioor betweew, and a vat containing water conve¬ 
nient to each machine to soak and wash mould in, and having dried and sifted 
through a fine sieve a quantity of fine, sharp sand (the particles pointed and fiat), for 
incuildiu^—we art ready to commence work. It is the work for one man to siwvel 
the clay from the pit into the griikdin|^ixij|l; he adds a little water in the mill, as it 
may require; keeps in as even temperature as possible; keeps the mill full, and the 
horse in motion. The mortar passes cqntiiiually, as it is ground, out of the opexting 
iu the mill, directly under'a revolving press, into the chamber of the moulding 
inaciiine, at (he bottom of which Is a grate, under which rests the mould, on rollers, 
in front and rear of which are grates; the pales and rollers, forming the top of the 
main carriage, the sides of which are kept about one inch firom the plates by steady 


pins, wkicli serve also to keep them from oscillatiug, and having (at their rear end at 
the outer edge) iron rails, the whole being constructed so as to allow all Bur[dui sand 
and rubbish freely to riddle through. It is supported in rear by a girt, suspended from 
the plattri by screw-bolts, the front resting on rods connected with a shaft, to which 
is attached the lower small lever, wlilcli, being drawn forward, instantly drops the 
front of the carriage, and releases the moulds from ohstruerion by stones or other¬ 
wise. On the iron roils runs a movable carriage and an axle having wheels to run 
on Uie rails, to which is attached a crutrh lever, cifrviiig so as to connect with the 
axle, thence pessing forward is connected with an anu or lever extending to a shaft 
below, to which is attached the large lever, ^wbich attaches this movable carriage, so 
os to force the empty mould under the chamber, and the full one out on to the front 
of the carriage. The upper small lever operates the press by means of a shaft with 
plitions operating in segments. 

The pperation of moulding is simple. The mortar passes directly from the 
grinding null, in a confined state, into the diamber of the machine through the 
grate into the moiild. The press lever is then brought forward, pressing sufficiently 
to fill out the corners, the preisurc being kept on till the mould is filled end started 
by means of the la^c lever. As soon u the full mould starts, the press lever is let 
go, and when .tl^e mould is drawn out, both the levers are r^laced, ready to repeat 
the opr^ratioQ. The moulder then smooths oif the upper surface of the brick, by 
drawing a strike (the mettle ed|e of which may be wet in the small box in front of 
tlie larger one resting on the mochiDe) oeross them, cleaning off the box; the lower 
lever is used only to drop the carriage when the mould is obstructed, and then 
iu) med lately replaced. 

From four to five bands compose what is called the moulding gang; the shovel¬ 
ler, called a machine tender, a moulder, and from two to three off-bearers. These 


uiiist all move on r^larly, and keep np with the horse; they will make from eight 
to fourteen ihoasand bricks |»er day; the number depending upon the site of the 


3 



itLScnoNS fnou m records of GOTC&NHcrr. 


235 


brick, ftnd the confenlence of the works. New moulls should bfi thorooghl/ soskcd 
before usinf. The off-bearers, while the mo olds are wet, sand them by dip[>iiig 
^sand ftftm the land box, and shaking it till CTcrj part of the inside booomes coatf d, 
when each piiU an emptj modld on the machine dircctijr back of the full one, and 
between it and the axle, and thcl takes the full one from the front. In such a manner 
as to place the side eomlng last from unde( the grate next to him. Carrying it to 
the drjlng floor, he carefullj turrih it on the door, bottom up, leaving the brick in 
rows running from the kiln-groand towards the maehiue. lie then immediately 
returns, re«sandi his mould, and repeats the operation. 

When the busineu is carried on to much extrtit, it should, as far is praeficablo, 
be arranged into a systenr. the work should be so arranged that each hand^houUl 
be kept at the same kind of work; the departments of labour and terms applied aro 
ns follows, vis., the teamster, pit-filler, moulder, tCTui^erer, off-bearer and yard-ha|)d. 
The teamster ploughs and Krajtes the clay, ahd dors all necessary team work; the pH- 
flllerdeliven the clay, and fills the pit; the u*mpercr shovels it into the grinding mill; 
the moulder makes it, making from five to six brick at each Impression; and tlie off* 
wry the brick, and lay them ou the floor to dry T tbeyard«hands*take care of 
them from this stage till they are set iu the kiln ready to burn. Jilach man is employ¬ 
ed as a suitable baud to do one of the various kinds of work, and expects to be kept at 
that kind of work through the season, and each becomes skilful in hii particulsr de¬ 
partment. It is found that men will do more work,—do it better—with greater case, 
and be better satisfied to be kept constantly at one kind of work, than r’langed from 
one kind to another; the nnisclcs called into action hy a particular kind )f \w>rk soon 
become, as the common saying is, seasoned to it, so that they are not e<u.ly fatigncil.— 
but change the work, and other muscles are callefi into action, which soon tire. Brick 
should not be taken from the yard until dryt and when dry shou) i he taken directly 
from the yard and set in the kiln. It is very little, if any more N>ork, to set them at 
once in the kiln, than to carry^nd l»ake th^m (as the practice i** at the south) niidrr 
sheds, and they will dry more thorouglily on the yard, than in AaivB under a shed, 
where they cannot receive thi sun; and^it is about os much work to take them from 
the shed and put them in the kiln, as from the yard. If room is wantetl to keep the 
moulding gang at work, the yar«l hands will kaAe them on the yard, running the 
hakes from the kiln towards the pits. Brit ks are ihcit laid betwren these hakes to dry; 
this process saves handling, the brick becomes l>etler dried, and the coniesa an(k edges 
less injured than by the other process. 

What is called the burning shed, is eonstrucfiHl by setting two rows of posts to 
Stand on each side of the kiln, from IS to^O feet apart, ranging so as to accommo¬ 
date the arches, which will vary according to the length of the br:ek, leaving five or 
six arches between the posts; these posts should rise three feet nbovp the kiln; plates 
should be framed on the top, and ronneetcHl with iron rods, passing from one plate to 
the other over the kiln to keep them from spreafling by the weight of the roof; raft¬ 
ers placed about six feet apart rest npnn these plates, ribs or slates^are placed across 
the rafters on which rests the roof of hoards; on either side of these posts, and at a 
distance often or twelve feet therefrom, are set two other rows of posts having plates 
framed on the t^ euflici^tly high to pass under with teams, kc. These form wings 
to the main shed, and should be covered permanently. When a kiln is burniug, and 
becomes so hot as to endanger the roof of the main shed, the hoards should be sUd 
therefrom on to the wings, and replaced when the kiln U sufiicicntly cool. 
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8E!A.30N1NG of wood. 

Rsvoat /o H. B. RiDDtLu Esq., C. 8.. Post M astzp Gihiral, N. W. P., ^ 
AftTiriciAbSEASONiKO OP Baboql wood /pt Cpfr^^p by Q. Paton, 

Esq., Post MastkIj Allyoumh, dated\2nd OcUder 1B40. 

8is, « 

1 hsTS tbe bonor to report to jou (he result of my esperienee in seiioning Bftbool 

wood, bj boiling it in wster. 1 Am Awsre tbst the proeeu of boiling is not new as 
A* mode of seasoning wood, but 1 believe it has beeik generallj supposed that it is 
Attended wifb a diminution of strength, elastici^j, and durabilitj, and as 1 have not 
found fuch to be tbe case, 1 am of opinioD that a knowledge of the fact is of some 
'consequence. When requested to undertake tbe superintendence of the Mail Cart 
Establishment on tbe Grand Trunk Road, in 1842,1 found great ditfieultj in procur* 
ing seasoned wood for wheels. 8issoo’ wood was verj high in price, and so scarce, 
that I could not procure it in sufficient quantitj. 1 was therefore obliged to have 
recourse to Uabool wood, and althougb pjentiful, it was difficult to command a supply 
of any that had been seasoned by the common proem of drying. This led me tq have 
some fresh wood boiled and dv^ed, and 1 was not a little surprised to find that the 
wheels, made of the wood by the usual process of seasoning by drying, were worn out, 
while those thst were made* of the wood sessoned by b6iling,isrerein an excellent state 
of preservation, although both had been subjected to tbe same, or ef|ual degree of tear 
and wear. The experiment appeared at once conclusive, that boiling did not, as ge« 
nerally sapposed, impair tbe strength, elasUcity, and durability, at least of this species 
of wood j but, on the contrary, preserved and increased those qualities. Subsequent 
experience has tended to confirm this opinion, and 1 am inclined to account for the 
fact by the circumstance of fsmnh existing in, and abounding in, the bark of this 
wood. By boiling, the woody fibre is deprived of the fluid called the sap, while it is 
saturated or impregnated with tbe tajMin, *• 

The cohesion, and solidity or density of the wood, are increased, and the suscep* 
tibility to warp, split, swell or contract by the alternating exposure to beat and cold, 
dryness and moisture, is fUminished by this mode of seasoning, and 1 attribute all these 
advantages over the common process of limply drying, to the amalgamation of the 
fswiiH with the woody fibre. 

We hg^ a well known instance of the action of fauna on the prepared skins of 
suiimals, which renders them, by uniUng vrilh gelatines, strong, tough and durable; 
or converts them Uto leather. Green wood answers best for boiling, evidently on 
account of the greater facility with which it parts inth its sap or juices, and becomes 
impregnable with fasaia. The bark should be more or less fretb, and boiled along 
vnOi tbe wood. The length of time in boiling the wood should never exceed twelve 
hours, ptberwise the atrengch, in place of being increased, might be impmred. After 
boiling, care should be taken to place tbe wood for some days nnder cover, and free 
from the chance of a current of air. Tbe rainy and cold sessons are most favorable; 
and advantage should be taken of them. 

The avenge time required for thorough seasoning by boiling, is only four months, 
whereas, by the slow process of seasoning by the natural acUon of the atmospbere, it 
is never less than from two to five years. 

ludependent, then, of the ad ventages already enumerated, we have also the impoT' 
tint one of economy, to recotfimend the seasoning by boiling. To carry on the Blail 



ttLxcnoitfl moH tom escoeim or Gorsunuirr. %St 

<>rri&ge, Track «nd Waggon cftitMtihmcnt now attii^ed to tbia office, a )a^ tmooat 
of capital youlU haye (o be expended, for tbe purpoce* of having in hand at all timet 
^ a large lupplj of ^17 timber. Tbia*ipcedj proceai of teuoaing it the meant of taring 
the interest of the capital that olherwite would have to be employed. So mucK do 
1 value fo/mta u a preaervativl of timber by boiling, that 1 would venture to throw 
out a Juggeation of an experiment being ma^e with it in our doekjarda, where diy-rot 
hat of late been to dettruetive uwoor wooden walla. The Oak, like the Babool, bat 
iU bark abounding with ^aaaui, and if boiled together, the retult might be equally 
important, in tpeedil)' leasoning, without impaiiing the ttreogth, and alio of preaerv- 
ing it from the dry •rot. 1 have observed that the tap* wood, or alburnuaf of the Babool, 
it, by boiling, rendered as good at the best wood, and the preservation of it I attri* 
bute to the fowi^n. The tap-wood, if left to the natural action of the atmoipherei 
would be found uteleu, tt it would speedily become aoft or friable at if consumed by 
a ipeciet of inicet or dry-rot. The exact niture of dry-rot it, i believe, itill an open 
question, on which there is much diversity of opinion, but whether from the action of 
the seeds of crypfogtmous plants vegetating in timber, the fermenta^on of the juices, 
hr gjbutninoui parte, or from the coiiiumption of the Itoody fibre by ihicete, 1 feel 
warranted in recommending the process of seuoniag by boiling with (ohnin u a pre¬ 
servation of timber, from the simple observations of its eflect in the isp-wood of the 
Babool tree. In wliat^I have stated, my experience is* entirely confirmed to the tue 
of the Babool wood for wheels, for the composition of all the parts of whicl^ vis, the 
nave, spokes, and fellies, it is equally well adapted. Those pieces ar. cut out in 
the rough state, then boiled, and Imd out to dry; when thoroughly d .ed»Ahe rough 
surface is taken off; and then they art cut of the exact sisc and shape required. The 
pieces for naves, before being boiled, are carefully turned according tc^ die sise requir¬ 
ed; afrer boiling, small holes for the spokes*Bre cut: and then tl ey are placed under 
cover to dry. When neorly dry (wliicli usually happens und* r three months) any 
cracks tliat appear on the surfkce are carefully filled with pask, or putty. They are 
then painted, and placed in the open air 0 / sun. A second coat of paint is usually 
appli^, while they are ixposCd in the o^en air; after which they are considered fit for 
use, and the holes may at any time be enlarged to the sise required for the spokes. 
Tlie proper seasoning of the nave is important, is on it the strength of a wheel chiefly 
depends. 

As a proof of the durability of the wheels, 1 may mendon thattbe paUnkeea 
carriages and tracks, running at the average of 7 or 8 miles in the hoil^^avc passed 
over the distance of 1 M,660 miles; while the waggons, travelliilg at the rate of two 
miles in the hour, have passed over 50,Cb*i hiiles. 

The former have been in use about five, and the latter about three yean and a 
half, with exposure a{ all times to the climate; and notwitlistandin^ the wheels are 
still quite serviceable. The wheels of the mail-carta, which run upwards of ten milea 
in the hour, have worn equally well; but 1 am unable to ascertain exactly the distance 
over which they have passed. 1 give a decided preference to the straight or cylin¬ 
drical wheel, as 1 am eoovlnced that it is stron^^ and more duralile than the wheel 

with much dishing. 1 think the result of the tear and wear of the wkeel ifiade here 
will bear a comparison with the wheels made of the best seasoned matenaU many part 
of India or England, 



tKLlCnOl<a FROM TBR UBCOBA9 OF GOTnMttOfT. 


REPORT ON THE DIPFERElIt KINDS OF WOOD. PROCURABLE ON TOK 
LINES OF THE AGRA ^ND BOMBAY BO AD. AND THE GREAT 

DECCAN ROAD. 


E^iraci, paraprapAi 1 A) 8. 0 /a Letter fiem tke SvFtKiKTCNDiNo Enoiicxbra/ the 

Centreil Preeineee, Ike OrriciATiNa Sccrbtary tc the Military Boabo, 

Fort Ao. 362. dated th/\^k June 1651. 

1. —I hiYe the honor to inform you thRt T btro, on the 2 tat ultimo, forwtrdod. 
for the purpou <7f being despatched hy steamer fyom Allatiabad. a bo^ containing 
apec'imena of wood of such kinds in the n^hbourbood of the Agra and Bombay Hoad 
u may b^ deemed fit to be subjected to scrutiny, chemically and othenrise. compara- 
^vely with saul and teak, with a view of tcating their merits for employment in the 
construction of Lattice Bridges. A tabular statement accompanies this letter, detail¬ 
ing the nature and description of the wood, where found, and the uses to which they 
are |iut by the natives, with inch other information as may be deemed necessary to 
enable a judgment to be pustd on their dierits. 

2. «^Thii communication has, reference to the 45th paragraph of my Repoft on 
that Rosd. No. 2076. dated the 24th February 1651; and as there are sevorAl locali¬ 
ties which 1 lure detailed ut that Report, where these bridges might be advantage¬ 
ously employed, the subject is worthy of consideration. 

3. —llie *'muhwa*' and **kUdwra»'* but especially the former, arc abundant, and 
used for puch purposes as show their atUptability to these kinds of bridges; and I 
have little doubt, but that if seasoned properly, and saturated with the chloride of 
unc. or sulphate of copper, would be found a valuable material for tlic purposes 1 
allude to. 


Stuiement ef Ttmlert, proeurtibU on the. Agra end 'horehoy /IW, Gnat Deccan 
Do<r</, and CteaHor and CiPonyore Lieieione of PnlAio M'orkt. 


0/ 

IKsod. 

Whtrt found. 

Dins/si?. 

^u/ars and Pro* 

Rhowma.** 

t 

(i^VO Dark 
domr. bstwcon 
Suepruo „iDd 
Indoto, 

Gwalior •• 

s 

Close grainrd, bonl. 
tmigh. noi liable to 
bend. 

SAOtn. • 

1 

(No. VIII.) A- 
rovadSarMBg-' 
peer. Aognr 
and Indore* 

1 

Ditto • • • > 

More flexible ibtn 
nuhwa or khowrt. 
oad a lighter wood. 


w 

dr 



BaMABKa 


The kbown is used exten¬ 
sively for beams, plauks and fel¬ 
lies of ahesis. between lln^o* 
gfirh and Fuchorc. Timbers of 
so feet ran bo obtained only 
after ODqnirf. bot smaller tim- 
bert^of 18 tod IS feet, coa be 
proeared easily. Flanks, for 

bridge balMrn;;, 18 feet la 
length, by IS inches in ^tdtk 
and 3 iRehet in thickness, will 
cost, on ou svcrsre, one rapeo 
each, including all expenres. 

This is almost tbs only wood 
used for beams around Sarnag* 

K r, Annt and 1 odors, hot ns 
a lighter wood, on well ns 
ehcaper than tbs mnhwa sr 
kbowro. additional stlfTneis 
should beggtalned at the oams 
expeaio by Inerooss of scant¬ 
ling* 
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• ^intenl of TimUfM, proeurabU on Me Jpm and Bbmhay Bead, Great Deccan Bead, 
_ Gwalior a nd Cawnport Di^mone ^PMic IVcrke^fcontinued ,> 

^w^if Wbtn fc<ud. ««» Proi>*r. 


Bimasioi. 


(No. It.) Soc- 
pr«o ftM 1 b« 
doro< 


\Diao •• ^ 


Muuwl. i„,h, BnJ«»r^ 
• S<r«co» Mow4 
o\hct PoroiU. 


6 BoiR' 
bkf fOtU • 


DirrOf 


Ufiond allorer 
Ihc ivuUicrn 
portion of 
UuudlcLu&d. 


7tli» or Cawn 
|ioro Divi 
tiun* 


KnTBs» 


(Ho. ) Ploniifnl 
on the hilli A 
ID miues. 


Agn 4 Dom* 
hey road. 


It U bard, dembTo, II if difieuti to obtain nmbira 
tocigb, acronjs mod lirebori of any preat toQgtb, a&fl 
cb^. Whra ffcih' nrbcQ oUainodi the timbori ara 
1/ oat, bondi m.r alwayi of miall soantIJoE. But 
moeb; bal^a wall d'lneb p)aok% IE feot long* hy 
leaiOBtd timber ia 10 lacbea (n breadth, more or 
alnoai Lodexlbla. leaa. can bo procured at an are* 

nge pHdu el* oua cach^ 
folliae, M^narint: and earrloce 
iarludail. Ker l^ldm purpoeai 
• I eoAtidcr (ha old rau irmawa U 

iha beat limt)or procnmbla aloaj* 
the Aocnbaj roM from tioepraa 
to ludore. 

[U(aoPa tOQgb, and ThU wood it • plenti/bl. 8aa- 
darablo patata. tooiag In varar it advliahlo. 

• Hoof ikmbart. or karreet of thlt 

wood, liava latiod tOO and 150 
» year*. AeaniUngiTnryiivIn di* 
auteur from O" to 3' aodd', ami 
may be purchatod fftm 4 to 3 
mjtcat par free, 'fbo fralc of 
tint tree givot fblr anpoal 
turn to *tho v.mfivdarit eonto- 
<iuant1y objci'iont may be made 
to fbll traet, length IVom 15 to 
SO feet 

If roclieocd Uie an la foond So greater or Idf 
1«i4 wood lo aaal *«|uaf)tir:i*j alt over tbo aonihoro 
wood. Mrtii 't of Bundlekund. Averagn 

Ieng^u Id to 16 fwt, aoil 
from Id*'to 14*' in tblckncff. 
May (oraetiinaa ba procoroO of 
a larger si&o than fins; and li a 
good aertjcralde tJiiil.er, if pro* 
peidy icatOBed, by bainglaft for 
acoeplo of monthi in a raoning 
ftreim. Mtibwa timber if mod 
for eActetaU of doort, |4aiUc 
doom, wall plafot, aad fvinei* 
palt, Ac. in and for tbo 

latter porpose it reckoned Iba 
next liCtt wood to laol wood. 
It would 1 Uiiak answer very 
well fur (be large beama is 
kiridg^ if ft could be preeervad 
from ydoon. 

[ilfrd and btiitla, •< TMt wood If plentiful on the 

failtr, and In ravinat in mott of 
tbo forptU \ and t&ioalng by 
placing in a dong bilk it recoin* 
meodedtf. Il antwert well for 


jilard aod btiltla, 


Bprifbt^ and raceivoi a good 
poliu. LangthtfrogilE' to 14' i 
dianatcr 6* ao 15'w Framoa 
for baekarlet, ploigbt, and pU 
TCtf for tngar miMi, are made 
of (hit w^, and It may ba 
felled Is ibo foreM vitaosi 
porcbaae*nobey* 


MLscncm raoitf m ucoem or GOTtRititctti 


. m 


Biatmeni of Timhero, p roe vM e ^ Jpro rod Boml^nf Bood, Ortoi IkHM Boadf 
ond OitoUor nd Catonport Dhiimo of BrUio Work$»^(cofUinMod.) 


^W^df LivUi^: Propw- 


BASOOti •« |(No. 



t«e«a &%Mvo, 
•nd OoDth«' 
■sd for biUm 
cut tad volt. 


bO'lAt^ 4 Bon*|u aaj bt cliliril MlTbii daicripiloD of wood li voU 


btjRotd. 


Ta*mi 


Bitwoia JtbboV ^*J***® 
porv tad KAg* Hotd. 
port. 


Ibt bMt lort of 
wood for 
If w«U letMflcd In 
wtlor, it vill oti* 
tbir rot nor gkoom. 


too will known 
10 oeod doeriptlon. 


Tooooo, • < [ip tha Joo^Im Daccao ft hot t do- 


MuoKunth* 
tbointbojufi- 
gill bordrrini* 
on tb« Nig-' 
porn Bold. 


Ko«l. 


grot of oltaticit;r: 
•bojildbok^ t#ulk 
CAMiod : if barlod 
'wilt aoon bo it* 
ciclod b^vonAi,4«. 


^UtOp 


Plentilbl in (bo Agm 4 Bom* if «p]i lauoeed in 
Forcott Mid. wotor,tnd follod tt 

(Jm cIom of niaip ia 
dorobie tod toogh. 


Ditto, 


••\la tfia neigb* 7th, or Ctva I| reiiitt tha efraett of 
bonrhood of pore DM* v«Ser» tnd doea not 
Adjegarh and aioiu warp in ibe lu, or 

lUtftfDgbat. rot. 



known, and ganarally prooo* 
rabla ai noct viilagoa botweon 
Bacram aoil Goiuib, and for 
miloi oaat and wait; varr* 
ifig in diamrtar from A' to iV 
and S': and mtf be pnrebo^ed 
41 $ aoD4i to 9 and ropcea. 

At pratont mneb toab of a 
Jarj^ acantling cannot ba oh* 
wmad Tor; near tiio lino of 
road, for the ikvand for it was 

10 groir, tha natiroi ao 
reekloia In ibe daetrueUoo wf 
nndcmiaod tfooii that id a few 
>«ari tha foraiu here were iilco* 
1)1 to be dunuded of teak. For* 
MBital/, tbo Dopoir Commia* 
ifunar reportod (be eiKattietaneo 
to Govemment, and in 1947, r»« 
eelrod orderx to prevent tbe in- 
diecrireinato cuuJds of irik. 
1^ ^oni^ Ircce aboand and 
look vc ?7 flouriahingi and Ibii 
foreic proniiN”, in a few /care, 
to become a verj valaahle one,. 

It Is QMd fbr palkoa poloe, axlo 
iites, 4 cm end tho ciotij makes 
good wimel boxes, mod (honu- 
incroas fancy articles to which 
h it applied. It weighs per 
cobic foot 70 Ibl. 

Frame pieces aod wooden aslot 
for hackerioi are made of ibis 
wood, varjlng in diameter from 
9' to 9'. fieadilj attacked by 
yiteon, but neror rota. liengtb 
from 15' to 19', and bo leU 
led in tbe foraKs wilboht pur¬ 
chasing. 

4 

Growa ia considerable qoantl- 
ticn. Avarigo length 10 to 

11 feet, t inches in diameter 
below, and 9' above *, it a good 
aerrlcwlc timber, when left lo 
atasoa for 9 or 4 yean:— 
sbonld bo ent after the rainy 
eeaeoo t and is well adapted for 
parte of wooden bridges* It is 
proeurmble In ibape of ktilhVa, 
or beams. It is mostly employ* 
«d by niUrca In (bo construe- 
tion of baekeries and other 
artklM requiring a duable 
Uadof t^tf. 
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• SUitmeni of m the Afro okd BowSof Rood, Groot Brecon Rood, 

and Qwdior and Conmpore Diomooo hf PmkHe Worko^eontimued,} 


^ntrtftnd. DitUUm. »««■•«<< Peeper. 


ric*. 



KoA*t| •• lo Badownli 
m 4 6im« 
Mow ForM* 


Agr% m Bob* If well tmwnd Id 
btjr liood. woter h oImUo mkI 
t09gh. 


Brkjah [q iSm mI^ 
6At4| •• bovbood o 

MoDfoweb, 

dIm 1 b Cbe 
Juoflti bor* 

* iloHAfOB the 

* Ni^))or« tood. 


Gnu DeecaalUBbteto ffllti b«t U 
Ter/dur«b1«»tD(] (he 
leui molftun will 

ctnw liioUirowoQt 

MbIbBi * 


6aj .Ipitto ditlo. 


Pitto AUo. U il hfff, ^nbi in 
lAier, elou-gnlooil 
4Dd dUTBblo. 


Ssnavr 


Diuo diuo. Dillo ditto. 


la B btndaomfi clow* 

gniiaed, biRcki 
airoag ^d dnrBble 
wood. 


Dhaikiax* Ditto ditto. 

BO 


PosioDR, [Oo Ibe Sobigee 
HiJIa. 


Ditto diuo. la B cloao-gniiiicd oad 
?ef 7 Mrosg wood. 


Ditto ditto. |lt • dork, Tcr/ bcor^ 
darabkf^ eloac* 
cninfid, tad lwr< 


Hoelieriei and /hinat aro tnado 
of tbia wood. Tarring in dia* 
mottr from 1' to 14« Soma- 
tipxa* rou aod gbooaa. It oiaj 
be procDfod in iMgth from It' 
to St' and maF ba failed in tbo 
form wlthoat parcbaiiaff. TLa 
ontp ezpenaa would Ba ' 
aeaotliog aad aanlof. 

U la inovb*naad in bonaa bond¬ 
ing, partieolarlf wbara largo 
boama are regnirad, for It 
comblnea great llgbtneM With 
neat etre^^. Now chat took 
^Ta diflenlt to ba obtained In 
tboN jnngleff, Borlab 8a1 io a 
groat moaaora auppllii Ita plaaa. 
It waJgbi per cobic foot 40 )ba. 
<frowf to a baigbt rerp itraLgbt, 
aad tlmbon of tO feel In kuth 
and ISinehaa aqoaro aao obiwB* 
abfo* Moebawd in Honaa boiid- 
log and coiutrncl .ig earta. A 
cabie foot wtli'ha ’ b Iba. 

Growa lo a eooeidc’^blo aiM, and 
|« oUainabla iq tintbar* It 
feel in Jeagib with a eeaDtling 
of* If'. Tat of tweUa trcoi, 
eloroB of (hem will ba of AO 
great BM (0 tha oabioet-makar» 
hr the heart of the tree la gu 
Dcrmily erackod and Sllad wTUi 
a kind of pctrlflad roaio. Tha 
aativoi oae It for toothed eombi| 
r1»o for felloaa of wbaiU. writ* 
log dcaka, Ik. Waigba per eubia 
foot 76 Iba. 

Tiaben of 10 feat la langtb, 
and IS iachea acantling are ob* 
laiaad with difficuttp. Itblok 
it raiber.liabla Si^ct. Waigba 
00 Iba. peg onbie foot. 

It it ntad for door Aaaef and 
(rataea; limbm of aboat IB 
feet is length and B isehea 
•qoara maToe obtained fboa 
the trsok or the tree. A enbld 
foot of tbif wood, when dr;* 
weigha lOSlba- * 










iLFHABETICAL LIST 


CONTRIBUTOHS OF ARTICLES ' 

90 9V« 

SELECTIONS FROM THE PUBLIC CORRESPONDENCE 

Of 9 HB • 

■ KORTH ffESTEBR PROVINCES. . 


VOLUME U. 


KAfUt or CoimmirTos. OmctAL QnioiiATigf. Tear. Swict or AtTIOLM. Tiot. 


AbbotW uA SoMfint eedjDft Eoftnoer, 

. N. W. ProtiQCWi ... ^ IS44 

n.> 0. Bn. . Prt«i<l«o( of Vriogo Coo* 

BftriMii Q. C^Eiqt C. a,Ootnttwfeoer ^ 

KoDgj*, 

Btraeii J. S.>EiQ>»C. Brt... Seorotofr Rood Fu^ Oom*f * 

aiiUoo, »h>htgh>npcT»> ... lUO 


BoVer. W. Hrior. 
BitUe, E., Ur.» . 


09 # 


J^oilko, A. B. £•• U^or, 

A 

A. R. IL* 

Brim Bi, Lieuteou U ... 

CouUer, P. T., ««• 

CtuUoy. P. T.i Ha§w, ... 
Ctntloy, P. T.I Hiaor» i 

Cottop, H. C.i H^i 

Biokeoii C. H.» liMtoou^ 

Dcij^M 0.1 Ij«rt6nii)t>... 
^*1 iCr.* «•« «•• ... 

QoodwTOi H.t ZiiMt.'Ool^ 


SttporioUDdffRCkBiK ..., 
In Kaijnfk»r)t Jbed 

Worki. • iO 199 919 ^ 1 * 


1M7 

1940 


EngbMer* 


Surt^joTi ^abbolpoor md 

Kuipteo Bood. «I 9 fii 90 * 


8Qwrintrad«n4 Gooenl 

CiDftlfi.. ... 

Simrintendmt Gwml 
So^mn^Ldeot (kaend 


Aetipg CriU En^oovi... ... 

Afttllor^i... M. M. M. M. 

Aftflltf^l.M M. M« .M M. 

BsocotiToOfie#^... .w .. 
Suporintofi^^ Bogiiioeii 

Ccalnl Pfonaeas ... ... 


isa 

1160 

^850 

mt 

IMO 


6ordon, "Wn tffi i.* fiomtuT tbo Gompnoy of 

PatOfiMM. ... ... ... ... I 

QabbiMiV.R.. UjgMnk of Agra, .J ll&l 



•^\ 1061 


HodgioDiC. J.iUMrionant Baginom ........ 


1047 


Grand Trank Boad.a| IM 

Ponioon Briilge it Agra. •. 

87 «Uio of Irrigiiion ia ^o 

KaamDiNfrioti. 

DuraHhty tinbtf Mdtai 
•ad pMontioo ^fOB wknt* 

•Din •^d^•^>l» t^9 •99 999 

Propo9od Canal near Tibans 

balow Loodlanahi . 

Kbifkra and Chuttnrsoor 

Bnoda nair Dahlia^ . 

Elhptkal TqdmI Bridgo at 

(lannae In Saogori . 

MaUUad Boadaand Bridgaa, lU 

IMfD for a Bridga over tbo 
Rvbudda Hirer XMar Jub* 
bulpoor, ... ... Idt 

KhirtM and Ckutturpoor 
Banda naar D^lia» m. ... 
InOoBiea <4 JoiODa Caaala 
on tba Jumna Bdrari ot 

Briok-makiDg Va^ima at 
ftporkaa, ... 007 

Irr^Sbn Bopoid a^ Vapt 

oiiba l^idfif ^^dflocv. 1 
Aoalyria of HpeoiMDa ol 
Kunknr near Hanbutpore. *119 
Bivor Jumna baiwaao Agra 

and Ooraab. SOI 

Briok-aaldng Uaiduna* at 
Boorbeoi 999 949 |99 919 
^ood proooraUa on the Low 
of Ina Ajcra and B^bayf 
Boadi and^ GrraiDoerao 
Bead, ... ff, .. ... ...I 008 

Brick* Diking ... 

ComiJariKD of tba Pontooa, 

SaM.. 1 ra 5 t‘^ r*' 

FroMoad Canal near Tlbai^ 
bfieTLoodbkMb._ 















U 4 


Bnnor of Avnaix 


mmlU 

XettAody* J< 7^ HaMf« m. 

mAAkML 4 M- K 

MiUW7 SoMdTFort WQ-j 

Uabi. . 

MommW.S^^^ 0. 8., 

Vononm* B. H* C« 

. a 8^ ••• •«• ••• ••• 

ouaSd./. u., ... 

CidMdtJ, &.» C^«B< ... 
Pmob* 0« &q., H. Dm ... 

Pi4^ Bm SiQ.. C. &. ... 

FIUfett% Wm M^jOTr . 

1UDKm«. F.. Ur^ . 

B«da* fi. AMXsqMO.&f ... 

I 

li^l;f:iz.;j.o;’&.:;; 


,1947 


IH8 

1990 

IMS 


ImMtiDti of Tutmo l^ads if 

aUhOiMUl^. ... .. ... 

Wortto of Irriiptba baar 
ViiodkNur., 

Bcad-vakifig m Im ... 
OompariiiMof Oho Footm 
Wim M An. «ad tbo 
. B«» DriSpi d lUlifc ... 
luanm 



IMO 8lOM Q 


444 44 * •** 


loa 


1847 


1800 


i r 


as.... p»t 


^ p. 


BoUoioo. F. H.ilkq »C9K CosimiirioMa of Agn^ ... 
Boborla* A. Am &q* Ma^ilnOi of Pal^ m. ... 

Botf» Em Bhm Cl^*« .CollMtOT of Bandit, ... m. 

flhanor 7. Nm Oantain* ... 

TborabUI. C. C.Sm 

Tidkall* Mi^« . 

Tookari H. C. Eaq^ 8. C»... JknA^FiM Con- 

Wallef, i. Aw 


1847*46 


1800 

1640 

1840 

«00V 


1640 

1803 


ComtFuetionof PubUcBoadii 109 
Blooo (^laniafl, . 186 

9lcoo Qoarrioa. »l» 444 141 187 

PonOmBMdgaitAgFfc ... 04 

lUw8FM*wat4r M Agr% .. S84 

ArUAcUl 8e a i O Btoy of Ba* 

iSWood.. 380 

IhinUttiy of Tlabor BndM, 
aaO pmOOTtionfM >ul0' 

anli and dV'nO* . 107 

P oftt mn BriOn al Aoit ... 04 

Bnok-wakioo^^Dar .. 308 
^laTiBilion of 4bo Oauqi bo- 
4«oan Allahabad and Ba* 

vakoafi. . 314 

BomS ia aUak Gomokport, 106 

Tm& a4 Agra* . 146 

BloDa Qiunriea» • 

omupKmii** ooafe of Oarriaaa 
ao BilaUad and aomotal- 


1840 Slona 


ladRaadk . 

84oa4 Qoarm and Roada» ... 
CampaniOft of tba Ponto ofl 
Bndw al Agra, and Iba 
BoaTM^TbaUia. w. 
ana Quaina^ ... ... 


1649 

1646 

1648 


Oonalraatton of Woodan 
Brtdgaib ... ••* ••• ... 
PoBloon firtdfp tk Agi^ ... 
Oqm^miIm or a Bri^ orar 


*44 ••* 440 4aa 


l.fTTTTi 


• I,.. %1 • 



IFinifi F. Wm Mtjw,. 

WrooghtoD. Bm Ua|or, ... 


.varBraak-watm 


Gavraa-BajiL Bund and Roada 

ioUMckpora* . 

FOotM Bridflo at Agra, ... 


QnsoA Tnnik Boad 
Hoda of SuiteTing adoplad 
in Iba Bavaaua8urTa)«»... 


4 















